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1 . 0 SUMMARY 


This report presents the results of a study carried out to 
modify the conceptual design and performance of the reference 
coal-fired, conventional furnace electric power generating plant 
with wet lime sulfur dioxide scrubber, developed during the Energy 
Conversion Alternatives Study (ECAS; Ref. 7), to comply with the 
New Source Performance Standards (NSPS) , shown in table I, pro- 
mulgated by the U.S. Environmental Protection Agency in June 1979. 
It also presents detailed capital cost estimates for the ECAS and 
modified reference plants in mid-1978 dollars for both 250° and 
175° F (394° and 353° K) stack gas reheat temperatures based on 
the cost estimates developed for the ECAS study. 

The scope of the work for this study included 

1. Technical assessments of, 

- Sulfur dioxide scrubber system design 

- On-site calcination versus purchased lime 

- Reheat of stack gas: method — selection preference 

- Effect of sulfur dioxide scrubber on particulate 
emissions 

- Control of nitrogen oxides 

2. Determination of the design changes required for the 
ECAS reference plant to meet the June 1979 NSPS, modi- 
fication of the ECAS design appropriately, and side-by- 
side comparison of the characteristics and costs of the 
modified and unmodified components. 

3. Update of the ECAS reference plant detailed capital 
cost estimates presented in the ECAS study (Ref. 7) 
from mid-1975 to mid-1978, and presentation in a format 
in accordance with the Federal Energy Regulatory Com- 
mission (FERC) code of accounts. 

4. Development of detailed capital cost estimates for 
the modified reference plant, based on the costs of 
the ECAS reference plant. 
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TABLE I 


RELEVANT SOLID FUEL EMISSION 


LIMITS FROM THE JUNE 1979 EPA 
NEW SOURCE PERFORMANCE STANDARDS (Ref. 2) 


PARTICULATE MATTER 

(a' 0.03 lb/10 6 Btu heat input. 

(There is also a percent reduction of uncontrolled 
emissions requirement. Compliance with the stated 
limit, however, assures compliance with the percent 
reduction requirement) . 

(b) 20 percent opacity (6-minute average) except for 

one 6-minute period per hour of not more than 27 
percent opacity. 

SULFUR DIOXIDE (S02) 

(a) 1.2 lb/10 6 Btu heat input and 10 percent of the 

! potential combustion concentration (90 percent 

reduction) . 

j (b) 30 percent of the potential combustion concentra- 

tion (70 percent reduction) when emissions are less 
than 0.6 lb/10 6 Btu heat input. 

(Compliance with both Items (a) and (b) is based on 
a 30-day rolling average). 

i 

NITROGEN OXIDES (NO x ) 

0.6 lb/10 6 Btu heat input for bituminous coal. 

(There is also a percent reduction of uncontrolled 
emissions requirement. Compliance with the stated 
limit, however, assures compliance with the percent 
reduction requirement) . 



5. Side-by-side comparison of the modified and ECAS refer- 
ence plant capital costs and costs of electricity. 

6. Preparation of a final report detailing the work done. 

The five technical assessments were carried out first in 
sufficient detail to determine their effects on possible plant 
design alternatives. Exhaustive, detailed technical and economic 
studies were beyond the scope of work. 

Based on the sulfur dioxide scrubber system design assess- 
ment, it was concluded that the modified reference plant should 
be designed for 90 percent reduction of uncontrolled sulfur 
dioxide emissions of 8.3 lb SO 2 /10^ Btu heat input, correspond- 
ing to a coal having a design sulfur content of 4.5 percent and 
heat value of 10,788 Btu/lb. These parameter values are the 
same as those employed in the ECAS reference plant. It was also 
concluded that the plant should be designed to burn two alternate 
coals with the properties shown in taole II. The first corres- 
ponds to that used in the ECAS study {Ref. 7), the second to that 
used in the ETF study (Ref. 5). 

Based on the technical assessment of on-site calcination 
versus purchased lime, it was concluded that neither on-site 
lime production, which was included in the ECAS study, nor the 
purchase of lime from an off-site manufacturer should be included 
in the modified reference plant design. The on-site lime pro- 
duction and purchased lime alternatives were both determined to 
be more expensive than direct limestone utilization. Wet lime- 
stone scrubbers, therefore, were substituted in the modified 
reference plant for the wet lime scrubbers included in the ECAS 
reference plant. This design change decreased the cost of the 
SO 2 scrubber system and reduced the coal input rate to the plant 
by th*' amount required for the on-site lime production, result- 
ing in an approximately 0.5 percent increase in plant efficiency. 

Seven alternatives for the method of stack gas reheat were 
considered for use in the modified reference plant. These were: 
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TABLE II. - SELECTED PROPERTIES OF ILLINOIS NO. 6 BITUMINOUS 
COALS USED FOR DESIGN OF THE MODIFIED REFERENCE PLANT 


Properties 


Proximate Analysis 
(As Received) , % (wt) 

Moisture 
Volatile Matter 
Fixed Carbon 
Ash 

Ultimate Analysis 
(As Received) , % (wt) 

Sulfur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Higher Heat Value 
(As Received) , Btu/lb 

Coal Rank 

Ash Analysis, % (wt) 

Si0 2 

AI2O3 

Fe 2 03 

Ti0 2 

P 2 0 5 

CaO 

MgO 

Na 2 0 

K 2 0 

SO 3 

Initial Deformation 
Temp., 0 F (° K) 

Softening Temp. , 
of (° K) 

Fluid Temp., 0 F (° K) 
Grindability , H.G.I. 


Primary Coal (1) 

Alternate C 

•oal (2) 

Mean 

Standard 

Deviation 

Mean 

Standard 

Deviation 

13.0 

1.1 

8.9 

1.1 

36.7 

1.7 

38.0 

1.1 

40.7 

2.0 

41.7 

1.0 

9.6 

0.9 

11.4 

1.1 

3.9 

0.3 

3.3 

0.6 

5.9 

0.1 

5.4 

0.1 

59.6 

1.2 

62.4 

0.6 

1.0 

0.05 

1.2 

0.02 

20.0 

1.2 

16.3 

0.9 

9.6 

0.9 

11.4 

1.1 

10788 

216 

11265 

135 

HVCB 

- 

HVCB 

• 

46.6 

6.1 

41.4 

5.4 

19.3 

6.8 

19.3 

6.8 

20.8 

6.3 

22.3 

6.8 

1 0.8 

0.3 

0.9 

0.3 

0.24 


0.12 

0.04 

7.7 

4.7 

5.4 

3.3 

0.9 


1.7 

1.3 

0.2 

0.1 

0.6 

0.2 

1.7 

0.3 

2.1 

0.4 

2.4 

0.2 

7.5 

0.6 

2050 (1394) 

70 (39) 

1960 (1344) 

70 (39) 

1979 (1355) 

68 (38) 

2030 (1383) 

70 (39) 

2265 (1514) 

175 (97) 

2260 (1511) 

200 (111) 

54 

2 

! 

1 54 

1 

1 - - -■ 

2 


(1) Corresponds to the coal used in the ECAS study (Ref. 7), 

(2) Corresponds to the coal used in the ETF study (Ref. 5). 
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(1) in-line (direct steam-flue gas heat exchange) , (2) indirect 
(steam-air-stack gas heat exchange), (3) combined indirect and 
in-line, (4) direct combustion (using oil), (5) flue gas bypass, 
(6) waste heat recovery (combustion gas-air-stack gas) , and (7) 
no reheat. Each alternative was eliminated in favor of the 
indirect (steam-air-stack gas heat exchange) method ("method 2" 
used in the ECAS reference plant). 

In-line reheat components (method 1) , and the in-line 
portions of combined indirect/in-line systems (method 3) were 
noted to be susceptible to corrosion and solids deposition. 

Their rehaDility was therefore expected to be lower than that 
of indirect reheat. 

A variation of in-line reheat was also briefly considered 
in which the in-line component was split into a part constructed 
of a more expensive corrosion resistant alloy and a part con- 
structed of a less expensive carbon steel. The alloy part would 
be placed just downstream of the scrubber, where condensation 
and acidic attack would be most severe, and provide initial 
superheat of the flue gas before it reached the less resistant 
carbon steel part. Some success of this method was noted, but 
since its long-term reliability was not proven it was eliminated. 

Direct combustion utilizing oil (method 4) was noted to be 
not in accordance with the Fuel Use Act and national policy to 
reduce the use of oil. It was also noted that the method was 
expected to be relatively more expensive than the indirect 
method in view of the increases in the price of oil expected 
in the future. 

Flue gas bypass reheat (method 5) was noted to require 
separate treatment of the bypassed gas before it was discharged 
to the atmosphere. Thus, it did not provide any advantages over 
indirect reheat of the total flue gas. 

Waste heat recovery (method 6) using heat extracted from 
the combustion gases just upstream of the boiler air preheater 
was noted to be promising for the future. However, insufficient 
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information was available to assess its impact on the air pre- 
heater design, operation and cost, the operating temperatures 
downstream of the air preheater, the boiler efficiency and the 
overall reliability of the plant. 

The last method considered, no reheat (method 7), was also 
noted to be promising for the future. Since it eliminates the 
need to divert energy from the power cycle, it is very attractive. 
However, it requires a significant modification of the exhaust 
stack configuration and materials compared to a stack preceded 
by reheat, ft few plants were noted to have been built employing 
the method, but they all included a provision for installing re- 
heat should it become necessary. This indicated the current lack 
of confidence in the long-term reliability of the method and made 
it less attractive than indirect reheat. 

Based on the assessment of the effect of the sulfur dioxide 
scrubber on particulate emissions it was concluded, for the pur- 
poses of this study, that current wet scrubber designs were ade- 
quate to meet the June 1979 New Source Performance Standards for 
the design coal. The scrubber effects were noted to be due 
primarily to the effectiveness of the mist eliminator. At the 
time the New Source Performance Standards were promulgated, the 
EPA indicated that it was of the opinion that wet scrubber 
particulate emission could be made to comply, but the data were 
not conclusive and required further study. Acid mist carryover, 
however, created by the emission of moisture and the residual 
SO 2 , SO ^ and NO x allowed by the June 1979 NSPS, and not currently 
subject to any emission limitation, was noted to be a possible 
problem in the future. Acid mist carryover affects accurate 
monitoring of the particulate emissions. The EPA was noted to 
have recently proposed that a major emissions source, such as 
the coal-fired plant in this study, which emits more than one 
tone of sulfuric acid mist per year be subject to EPA approval 
that the best available control technology has been employed in 
the plant design. In addition, if the source exceeds 1 >ig/m 3 
24-hour ground level sulfuric acid mist concentration, a detailed 
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ambient air quality analyaie would be required. Since these 
restrictions were only in the proposal stage at the time of this 
study , their affects on scrubber design or cost, if any, were 
not included. 

Based on the assessment of the control of nitrogen oxides, 
compliance with the 0.6 lb NO 2 /10* Btu heat input June 1979 NSPS 
emission limit was concluded to be achievable with design changes 
internal to the boiler furnace, made by the boiler manufacturer. 
These changes provided by one manufacturer, were noted to include 
redesign and reorientation of the burners to provide a larger 
combustion zone and more uniform mixing to prevent the formation 
of high temperature regions where NO x would be generated. They 
also were noted to permit operation with a stoichiometric fuel/ 
air mixture, which was in accordance with the staged combustion 
technique referred to in the ECAS study (Ref. 7). Staged com- 
bustion with reduced excess air, as referred to in the ECAS study, 
was noted to be basically a variation of the technique included 
in this study, since it also extends the combustion zone to make 
it wore uniform by turning down the fuel flow to the upper com- 
bustor burners, increasing it to the lower ones and at the same 
time increasing the air flow to the upper burners. Partial com- 
bustion takes place at the lower burners and completion at the 
upper ones. Since the NO^ techniques included in the ECAS and 
this study were similar, no incremental cost differences were 
included for the boiler in this study compared to that in the 
ECAS study . 
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2 . 0 INTRODUCTION 


In December 1976, the National Aeronautics and Space Admini- 
stration (NASA) released the results of a "Conceptual Design and 
Implementation Assessment of a Utility Steam Plant With Conventional 
Furnace and Wet Lime Stack Gas Scrubbers" (Ref. 1) as part of the 
Energy Conversion Alternatives Study (ECAS) . The ECAS study was 
undertaken by NASA for the National Science Foundation and Depart- 
ment of Energy (called the Energy Research and Development Admini- 
stration at the time), and had as its primary objective, the identi- 
fication and comparison, on an equivalent basis, of national options 
for the future generation of electricity from coal and coal-derived 
fuels. Since the ECAS study focused on advanced concepts such as 
magnetohydrodynamics (MHD) for the conversion of heat to electricity, 
the conventional furnace plant provided a reference for comparison. 

Among the guidelines specified for the plant designs included 
in the ECAS study were several controlling ones pertaining to the 
protection of the environment as required under Section 111 of the 
Clean Air Act of December 1971. Under Section 111, the Environ- 
mental Protection Agency (EPA) issued standards of performance to 
limit emissions of sulfur dioxide (SO2) , particulate matter and 
nitrogen oxides (N0 X ) from new, modified and reconstructed fossil- 
fuel-fired steam generators (Ref. 1). Those standards, revised in 
1973-74, were in effect at the time of the ECAS study, and formed 
the basis upon which the design of the advanced concept and con- 
ventional furnace plants were based. 

About three years later in August 1977, President Jimmy Carter 
signed into law the Clean Air Act Amendments of 1977. Under Section 
111(b) (6) of the amended Act, the EPA was required to further revise 
the standa/ds of 1973-74, and on June 11, 1979 a revised set of 
standards (Ref. 2) was promulgated. 

Based on the revised standards, the ECAS conventional furnace 
plant was no longer in compliance and could not be used as a refer- 
ence with confidence. The work presented in this report, therefore, 
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was commissioned by NASA to modify the SCAS reference plant design 
to meet the EPA June 1979 New Source Performance Standards (NSPS) , 
revise the detailed cost estimates for the construction of the 
plant developed during the EC AS study, and provide an up-to-date 
reference with which to compare current advanced concept plant 
designs. 

The body of this report is divided into nine numbered sections. 
Six lettered sections follow as appendixes. Sections 1.0 and 2.0 
are comprised of these introductory remarks and a summary of the 
study work included, respectively. 

Section 3.0 discusses the criteria and guidelines specified 
for the study. Among them are the EPA June 1979 New Source Perform- 
ance Standards, just mentioned, and the site and fuel characteristics. 
The fuel characteristics are further discussed in section A1.0, 
which presents a technical assessment of the sulfur dioxide scrubber 
system capability required to meet the EPA June 1979 NSPS using the 
coal characteristics selected. To provide reliability (and gen- 
erality) , the plant is designed to utilize two coals, one corres- 
ponding to that specified for the ECAS ctudy (Ref. 7) and the other 
corresponding to that specified for the MHO engineering test facility 
(ETF) conceptual design study (Ref. 5). In addition, section 3.C 
also discusses the detailed capital cost presentation format and 
the calculation of the cost of electricity guidelines provided by 
NASA. The former corresponds closely to that used in the ETF study. 

Section 4.0 discusses the plant description which is funda- 
mentally the same as that employed in the ECAS study (Ref. 4). Be- 
cause of this similarity, much of the descriptive information 
included is extracted directly from the ECAS study. The two flue 
gas reheat temperatures, 250° and 175° F (394° and 353° K) , con- 
sidered in the ECAS study, are also considered in an equivalent 
manner in this study. The possible methods available for achieving 
the required flue gas reheat and the one selected for inclusion in 
the modified plant design are discussed in section A3.C. One 
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significant difference is the deletion of on-site lime production 
from the plant design in this study. The reasons for this are 
discussed in section A2.0, which presents a technical (and semi- 
quantitative economic) assessment of on-site calcination (lime 
production) compared to purchased lime. 

Section 5.0 discusses the major plant components and character- 
istics. Included are the steam turbine-generator, steam generator, 
particulate scrubber and sulfur dioxide scrubber. As in section 4.0, 
because of the required equivalence and resultant similarity of the 
modified reference plant with the ECAS reference plant, much of the 
descriptive material presented is extracted from the ECAS study 
(Ref. V). Section 5.5 presents a comparison of the components of 
the ECAS and modified reference plants to illustrate the differences 
in their component characteristics and costs side by side. The two 
reheat temperature cases are included. All the balance-of -plant 
costs shown are in mid-1978 dollars. 

Section 6.0 briefly discusses the performance of the modified 
reference plant with respect to the steam cycle (gross power) out- 
put; breakdown of auxiliary losses; net plant power output, heat 
rate and efficiency. An approximately 0.5 percent increase in the 
modified plant efficiency is noted due to deleting on-site lime 
production. 

Section 7.0 presents the detailed plant capital cost estimates. 
Cost estimates for the ECAS reference plant - 250° F (394° K) reheat 
(table X) , ECAS reference plant - 175° F (353° K) reheat (table XI) , 
Modified reference plant - 250° F (394° K) reheat (table XII) , and 
Modified reference plant - 175° F (353° K) reheat (table XIII) are 
included. All costs are in mid-1978 dollars. Also included in 
this section is a discussion of an illustration showing the cost 
accounts associated with the major plant components. 

Section 8.0 presents a comparison of the detailed capital cost 
estimates as of mid-1978 for the ECAS and modified reference plants. 
Both the 250° and 175° F (394° and 353° K) stack gas reheat tempera- 
tures are included side by side. Also included is a siae by side 
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comparison of the ECAS reference plant costs as of mid-1975 and 
mid-1978. 

Section 9.0 concludes the numbered sections with a list of 
references used during the execution of the study. 

Appendix A presents five critical technical assessments 
which form the basis of the modified plant design. Included are 
discussions of the sulfur dioxide scrubber system with respect 
to design sulfur removal capacity, on-site calcination process 
versus purchased lime, reheat of stack gas methods, effect of 
the sulfur dioxide scrubber on particulate emissions and control 
of nitrogen oxides. 

Appendix B presents the escalation method employed to update 
the detailed costs of the ECAS reference plant developed during 
the ECAS study (Ref. 7) . 

Appendix C presents the original detailed cost tables as of 
mid-1975 that were developed during the ECAS study (Ref. 7) and 
that form the basis of this study. 

Appendix D presents, for comparison, the ECAS and modified 
reference plant design parameters. 

Appendix E presents the detailed capital cost estimates for 
the ECAS reference plant, as of mid-1975, recast in the format 
required for this study from the tables presented in Appendix C. 

Appendix F concludes the appendix sections with a list of 
references used in their preparation. 
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3.0 CRITERIA AND GUIDELINES 


The criteria and guidelines for carrying out this study were 
specified by NASA. In general, they can be grouped into four 
suLiect areas 

1. EPA June 1979 New Source Performance Standards (NSPS) 

2. Site Characteristics 

3. Fuel Characteristics 

4. Detailed Plant Capital Cost Presentation Format 

A discussion of each of these areas is presented in the 
following sections. 

3 . 1 EPA June 1979 New Source Performance Standards 

Table I lists the applicable solid fuel emission limits 
extracted from the June 1979 New Source Performance Standards 
(NSPS). Those which are specifically relevant to bituminous coal, 
which was specified by NASA to be the fuel for the modified refer- 
ence plant, consistent with the fuel specified in the ECAS (Ref. 4) 
and ETF (Ref. 5) studies, are included. The characteristics of 
the particular coals selected for this study are discussed in 
section 3.3. 

3.2 Site Characteristics 

As in the ECAS study (Refs. 4 and 7), the site specified for 
this study was near the city of "Middletown, USA." To provide a 
more refined definition, for the purpose of determining the 
escalation factors (see Appendix B) used to update the ECAS study 
costs, the location of Middletown was further restricted to the 
North Central Region of the country. 

The following hypothetical site description, extracted from 
the reference in which it first appeared (Ref. 6) , presents the 
major site characteristics, as modified for this study 

"The site is located on the east bank of the 
North River at a distance of twenty-five miles 
south of Middletown, 250,000 population, the 
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nearest large city. The North River flows 
from north to south and is one-half mile 
(2600 feet) wide adjacent to the plant site. 

A flood plain extends from both river banks 
an average distance of 1/2 miles , ending 
with hilltops generally 150 to 250 feet 
above the river level. Beyond this area, 
the topography is gently rolling, with no 
major topographical features. The plant 
site itself extends from river level to 
elevations of fifty feet above river level. 

The main turbine-generator building and the 
switchyard are located on level ground at an 
elevation of eighteen feet above the mean 
river level. This elevation is ten feet above 
the 100-year maximum river level, according to 
the U.S. Army Corps of Engineers studies of 
the area. 

"Highway access is provided to the site by five 
miles of secondary road connecting to a state 
highway. This road is in good condition and 
needs no additional improvements. Railroad 
access is provided by a railroad spur which 
intersects the B&R Railroad. The length of 
the required spur from the main line to the 
plant site is assumed to be five miles in 
length. The North River is navigable through- 
out the year with a forty-foot wide channel, 

12 feet deep. The distance from the shoreline 
to the center of the ship channel is 2000 feet. 
All plant shipments are made overland except 
that heavy equipment (such as the generator 
stator) may be transported by barge. The 
Middletown Municipal Airport is located 3 
miles west of the State highway, 15 miles 
south of Middletown, and 10 miles north of 
the site. 

"The site is in an area of low population den- 
sity. The nearest residence to the plant is 
on the opposite bank of the North River, 
directly west of the main building location, 

2600 feet west of the plant boundary. 

"There are five industrial manufacturing plants 
within 15 miles of the site. Four are small 
plants employing less than 100 people each. 

The fifth, near the airport, employs 2500 
people. Closely populated areas are found only 
on the centers of the small towns so the total 
land area used for housing is small. The 
remaining land, including that across the river, 
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is used as forest or cultivated crop land, 
except for railroads and highways. 

"Utilities for the site are available as 
follows: 

- The North River provides an adequate source 

of raw makeup water at 75<>F. The average 
air temperature is: Wet bulb, 51.5°F; dry 

bulb 59®F. The average relative humidity 
is 60%. (These values allow the turbine 
backpressure to be specified as 2.3 inches 
Hg. absolute) . 

- Natural gas service is available two miles 
from the site boundary on the same side of 
the river. 

- Communication lines are furnished to the 
project boundaries at no cost. 

- Power and water for construction activities 
are available at the southwest corner of 
the site boundary. 

- An emergency power source is required at 
the plant, since the distribution system 

in the area is a single source transmission, 
and is subject to occasional outages. 

"According to Weather Bureau records at the 
Middletown Airport. , located ten miles north 
of the site on a low plateau just east of the 
North River, prevailing surface winds are 
predominantly southwesterly 4-10 knots 
during the warm months of the year, and 
westerly 6-13 knots during the cool months. 
There are no large daily variations in wind 
speed or direction. Observations of wind 
velocities at altitude indicate a gradual 
increase in mean speed and a gradual veering 
of the prevailing wind direction from south- 
west and west near the surface to westerly 
and northwesterly aloft. 

"Soil profiles for the site show alluvial 
soil and rock fill to a depth of eight feet; 
Brassfield limestone to a depth of 30 feet; 
blue weathered shale and fossiliferous 
Richmond limestone to a depth of 50 feet; 
and bedrock over a depth of 50 feet. Allow- 
able soil bearing is 6000 psf and rock bearing 
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characteristics are 18,000 psf and 15,000 psf 
for Brassfield and Richmond strata, respectively. 

No underground cavities exist in the limestone." 

3.3 Fuel Characteristics 

Table II lists the properties of the Illinois No. 6 bituminous 
coals selected for the design of the modified reference plant. Two 
coals from nearby sources are specified consistent with usual 
utility practice of providing a guaranteed fuel supply throughout 
the life of the plant. As noted, at the bottom of the table, the 
primary coal corresponds to that used in the ECAS study (Ref. 7) , 
whereas uhe alternate coal corresponds to that used in the ETF study 
(Ref. 5). The mean values listed are the same as those appearing in 
the ECAS and ETF studies. The standard deviations, however, are 
calculated from the characteristics of actually occurring Illinois 
No. 6 coals, as discussed in section A1.0. 

It may be noticed that the mean ash content listed for the 
primary coal is the same as the design value used on the ECAS study 
(Ref. 7) for specifying the particulate emissions reduction required. 
This does not influence the results of this study, since the alter- 
nate coal in this study has higher mean and design values than those 
for the primary coal and controls the design of the modified plant 
for particulate emissions reduction. 

3.4 Detailed Capital Cost Presentation Format 

Table III illustrates the format used to present the plant 
capital cost estimate details presented in section 7.2. NASA 
identifies it as the "DOE Code of Accounts - Fossil (Steam) Plant 
With FGD . " It closely resembles the relevant parts of the code of 
accounts employed in the "Engineering Test Facility (ETF) Design 
Report" (Ref. 5), prepared for the Department of Energy in June 8, 
which presents a capital cost estimate for a magnetohydrodynamic power 
generating plant. 

The following briefly describes the significance of each of the 
column entries 
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Column 1 lists a reference number for each account or sub- 
division. It is of note that the account numbers (310., 

311., 312., 314., 315., 316. and 350.) and their corres- 
ponding titles, listed in Column 3, conform to the numbers 
and titles specified in the uniform systems of Federal 
Energy Regulatory Commission (FERC) electric plant accounts 
(Ref. 8) (formerly called the Federal Power Commission (FPC) 
accounts). These accounts provide a consistent overall 
framework, recognized throughout the utility industry, for 
designating the systems and components in an electric plant 
investment cost estimate or operating financial report. It 
is also of note that the numbers assigned to the account sub- 
divisions (i.e., 311.1, 311.11, 311.3, 311.4, etc.) in this 
study can also be generally traced to the FERC guidelines 
(Ref. 8). However, since the FERC guidelines specifically 
list only the contents of the accounts, and not the number- 
ing or ordering of their subdivisions, the numbering and 
ordering of the subdivisions is discretionary. In this 
study therefore, the subdivisions conform to those listed 
in the "DOE Code of Accounts," with a few minor alterations 
and additions, as requested by NASA. 

Column 2 lists reference identification numbers from the 
ECAS report 'Ref. 7) to permit locating the tables on which 
the descriptive and cost data for each account or subdivision 
are based. For the modified plant tables, identification 
number (s) of components or systems which are altered with 
respect to those in the ECAS reference plant are followed 
by the letter M. 

Column 3 lists the title of each account or subdivision as 
noted in the discussion of the Column 1 entries. 

Column 4 lists a description or specification of the equip- 
ment, as presented in the ECAS report or as revised for the 
modified plant, for each component or system comprising an 
account or subdivision. 
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Column 5 llBts the estimated coat of materials for each 
account or subdivision and is broken into two parts i Major 
Component and Balance-of-Plant. Major component costs are 
those for major purchased items which are engineered, 
designed, fabricated, shipped, and in some cases, erected 
by one supplier or manufacturer. Balance-of -plant costs 
are those for all components (other than major ones), miscel- 
laneous materials, etc., which are assembled and erected on- 
site. 

Column 6 lists the estimated total direct installation cost 
for the components in each account or subdivision. The ECAS 
reference plant costs, as of mid-1975, are based on the 
direct field labor manhour (MH) estimates presented in the 
ECAS report (Ref. 7) , which are converted to mid-1975 dollars 
employing the relation, given in that report, that 1 labor 
MH = $11.75 (Ref. 7, p. 33) . 

C olumn 7 lists the total indirect construction cost assign- 
able to each account or subdivision. This cost is computed 
to be about 90 percent of the total direct installation cost 
listed in Column 6, as in the ECAS report, and includes such 
items not conveniently charged directly to a single estimating 
account as wage related costs (overtime, late time, lost time 
due to inclement weather, paid holidays, paid absences, sick 
time, etc.); payroll taxes, insurance and bonds; construction 
equipment and small tools; construction facilities; expendable 
supplies; and field hire nonmanual labor. For the ECAS refer- 
ence plant, this cost amounts to $10.58 per labor MH, as of 
mid-1975. 

Column 8 lists the contingency allowable provided for each 
account or subdivision to allow for additional equipment that 
might result from a more detailed design of a definitive pro- 
ject at an actual site. Items such as unusual site condition 
and construction problems, minor scope changes, incomplete 
designs and estimate revisions are included. A contingency 
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rate of 20 percent* as in the ECAS report (Ref. 7)* is 
applied to the sum of the major components* balance-of- 
plant* installation and indirect costs of each account 
or subdivision. The location of applying the contingency 
factor* however* is different between the ECAS and the 
present study. In the ECAS accounting format* the 20 
percent contingency rate was not applied to each cost 
item* but it was applied to the sum of the total plant 
cost (exclusive of escalation and interest during con- 
struction) including 15 percent architect and engineering 
(A/E) fee. In the ECAS* therefore, the effective A/E fee 
rate* after the 20 percent contingency rate was applied* 
was 18 percent. In the format of the present study as 
shown in table III* the A/E fee is not affected by the 
20 percent contingency rate on the contrary to the ECAS 
format. To maintain consistency between the total plant 
costs for the two studies, an increased A/E fee rate of 
18 percent was used in this study. 

3. 5 Calculation of Cost of Electricity 

The relationship used for calculating the levelized cost 
of electricity (COE) was provided by NASA. It represents the 
plant life cycle costs in terms of an equivalent uniform annual 
cost over the life of the plant* and consists of three terms 
which account for the amortization of the total plant capital 
cost, the levelization of the fuel costs and the levelization 
of the operation and maintenance (OiM) costs. 

The formula for COE, expressed in mills/kWh, was provided 

by NASA as follows 

CoE ■ (CAP x FCR/8760 x CF x P) + (FUEL x 341. 2/n) x LEV 
+ (OfcM) x LEV 

where 

CAP total plant capital cost at the end of construction, 
de-escalated to mid-1978 

FCR fixed charge rate (* 0.18) 
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CF capacity factor (* 0.65) 

P net plant power output at 100 percent operation (MW) 
FUEL fuel price in mid-1978 dollars (- $2.05/10® Btu) 
n overall plant efficiency (percent) 

LEV levelizing factor for fuel and 06M (■> 2.004) 

O&M operation and maintenance cost (mid-1978 mills/kwh) 
The levelizing factor (LEV) is defined as 
LEV » CRF(r,N)/CRF(k,N) 

where 

CRF capital recovery factor 

r interest rate per year (■ 0.10) 

N plant life (* 30 yr) 

e general escalation rate per year (* 0.065) 

CRF (r ,N) = r (1 + r) N /[(l + r) N - l] 

CRF(k,N) = k (1 + k) N /[(l + k) N - l] 
k » (r - e)/(l + e) 

For the purposes of this study, the fuel price escalation 
rate is assumed to be the same as the general escalation rate. 
Hence, no further adjustment is included for any differences 
between these two rates. 
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4.0 PLANT DESCRIPTION 


The modified reference plant description is the same as that 
of the ECAS reference plant with one exception. On-site lime pro- 
duction is not included for the reasons 'Uaci. *sed in section A2.0. 
Limestone is used for wet sulfur dioxide scrubbing directly. Con- 
sequently, all of the equipment and facilities associated with the 
operation and maintenance of the calciner in the ECAS reference 
plant are deleted from the modified reference plant. Also, the 
lime slurry sulfur dioxide scrubbers included in the ECAS reference 
plant are deleted and limestone slurry scrubbers are substituted in 
their place. B,. jed on a discussion with a scrubber manufacturer, 
the differences occurring in the basic construction of the wet lime- 
stone scrubbers compared to the wet lime scrubbers were not felt to 
be significant to the level of accuracy of this study. The follow- 
ing plant description is, for the most part, adopted from the ECAS 
report (Ref. 7) . 

4 . 1 Cycle 

A simplified cycle schematic is presented in figure 1. It 
shows the major pieces of equipment included in the plant. The coal 
and air are fired using properly designed burners, as discussed in 
section A5.0, to limit generation of NO^ . The boiler, steam turbine, 
condenser, and cooling towers are all proven conventional elements. 
After passing through the electrostatic precipitators that reduce 
its burden of fly ash, the flue gas enters the sulfur dioxide 
scrubber and is quenched to 125° F (325° K) with limestone slurry 
sprays. The sulfur is removed as calcium sulfite and calcium sul- 
fate, which precipitates out in the sludge pond. Water-vapor- 
saturated flue gas at 125° F (325° K) leaves the scrubber and is 
reheated to the final stack temperature. In this study, two stack 
temperatures were studied: 250° and 175° F (394° and 353° K) . The 

means of reaching these temperatures is by blending the treated 
flue gas with a large quantity of air that has been preheated above 
the required temperature with steam extracted from the steam turbine 
cycle . 
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Figure 1. - Simplified Cycle Schematic (Based on Fig. 1, 

Ref. 7). 

The steam cycle is based on conditions for a supercritical 
reheat unit with seve.i feedwater heaters. The large extraction of 
steam at the turbine crossover pressure for the stack gas reheat 
approaches the limit set for conventional practice. The condenser 
back pressure was chosen to optimize the total cost of electricity 
with respect to turbine output and cost, heat rejection system cost, 
and auxiliary power consumption. 

One stack gas reheat temperature case was studied at 250° F 
(394° K) in conformance with conventional steam power plant 
practice. The influence of stack gas temperature, however, is 
significant for this sttiam plant configuration. Since corrosive 
component dew points in the flue gas were expected to be no more 
than 125° F (325° K) , as a result of the scrubbing process, a lower 
reheat temperature of 175° F (353° K) was also studied. 

Figure 2 presents a more detailed schematic of the 250° F 
(394° K) stack temperature case. State points and stream flows 
are shown, where the enthalpy values are referenced to 32° F (273° K) 
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Figure - Modified Reference Plant Cycle Schematic (1250° F (394° K) Stack Gas Reheat 
Temperature) (Based on Fig. 2, Ref. 7). 





water, for steam and water, and to an 80° F (300° K) zero reference 
for air, combustion gases, and solids. 

The steam turbine is contained in four shells connected in 
tandem to a single 820 MW generator. The low pressure stages have 
parallel flows exhausting downward into a common condenser. The 
condenser coolant is water recirculated in a closed circuit to 
evaporative cooling towers. The regenerative feedwater heating 
cycle has four low-pressure feedwater heaters, a deaerating feed- 
water heater , and two high-pressure feedwater heaters . Part of 
the steam exhausted from the high-pressure turbine is used for feed- 
water heating, while the rest is returned to the boiler to be re- 
heated to 1000° F (811° K) . Part of the steam from the reheat tur- 
bine exhaust is used for driving the boiler feedpump. The exhausts 
from the three drive turbines are routed to the main condenser. All 
other pump drives are electric motor driven. The boiler feedpump 
and its drive are an integral part of the steam cycle and are fully 
accounted for in the heat balance for the steam turbine-generator. 

The final feedwater temperature is 505° F (536° K) for 100 per- 
cent operation. All major components were specified for continuous 
performance capability at a flow margin of 5 percent above the 
intended plant operating flow. The steam cycle at the valves wide 
open (VWO) point would pass the intended flow with margin, and the 
designated 510° F (539° K) feed temperature would then exist. It 
is important in conventional steam systems that the operations be 
evaluated at the 100 percent operating point where performance is 
guaranteed, and not at the specification condition for design with 
margin. 

The coal to be fired is dried by the primary airflow at the 
eight ball mill pulverizers. Between 15 and 20 percent of the total 
air is heated to 633° F (607° K) in the hottest part of the air pre- 
heater as primary air. This air serves to dry the coal, convey the 
pulverized coal to the burners, and react in the initial combustion 
process. The remainder of the air is preheated to 585° F (580° K) 
and delivered to the burners as secondary air. 
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The water circuitry in the steam generator provides water 
walls, radiant energy absorption surfaces, convection and radiant 
surfaces for superheating and reheating of steam, and an economizer 
to bring the flue gas to 740° F (666° K) as it leaves the boiler 
and enters the air preheater. Slag is removed from the boiler 
furnace beneath the firing zone, fly ash from a hopper just before 
the air preheater. These solids, representing 15 and 10 percent 
by weight (25 percent combined) of the total ash, respectively, 
are sluiced to the sludge pond. This leaves 75 percent (wt) of 
the total ash (as dust) remaining in the flow to the electrostatic 
precipitators. The electrostatic precipitators, with an efficiency 
of 99.7 percent, remove 99.7 percent (wt) of this remaining dust 
leaving only 0.225 percent (wt) of the total ash in the gas flow 
to the wet scrubbers. The collected fly ash is stored in dry silos 
for shipment off-site. Induced draft fans follow the electrostatic 
precipitators . 

The wet gas scrubbers apply a spray of recirculated hot water 
that is rich in limestone in order to capture sulfur compounds. 

The remaining fly ash will be washed out of the flue gas also, as 
discussed in section A4.0. Following the main reactive spray there 
is a demisting spray that recirculates a makeup water and captured 
drift mixture. Carryover of the limestone slurry is avoided using 
this demisting spray in a properly designed mist eliminator. Acid 
mist carryover is also minimized using the mist eliminator as dis- 
cussed in section A4.0. 

A continual removal of sludge and a continual replenishment 
of limestone and water is required. The sludge is flushed to the 
sludge settling ponds in a stream comprising 10 percent undissolved 
solids. The return water from the pond is enriched with limestone. 

The makeup water moves in a counterflow mode. It is first 
used in the mist eliminator recycle wash. The bleedoff replenishes 
the SC >2 absorber recycle liquids and eventually becomes part of the 
sludge and water mixture that accumulates in the settled portion of 
the sludge pond. 
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The flue gas at 125° F (325° K) leaves the wet scrubber 
saturated with water vapor and with many constituents at or near 
their dew point temperatures. Since direct in-line gas heaters 
cannot have suitable service lives when heating such a corrosive 
gas mixture, as discussed in section A3.0, an indirect method is 
employed. This is a large flow of air that has been separately 
heated and injected into the flue gas. Figure 2 shows that 14 
Mlb/h (1764 kg, ' of air heated to 334° F (441° K) blend with 8 
Mlb/h (1008 kg/s) of flue gas to produce a 250° F (394° K) stack 
temperature. The stack air heaters use steam withdrawn from the 
steam cycle as their heating medium. The stack and flues are 
lined to withstand attack from the flue gases. 

The major components of this system are conventinal and of 
proven reliability in utility service. The wet scrubber system 
utilizes equipment which requires maintenance and protection from 
the corrosive effects of limestone and cool flue gas. The sub- 
division of the scrubber into six parallel units, and the sub- 
division of critical pumping functions in the scrubber system, is 
designed to assure that at most one-sixth of the capacity would 
be down at any time. 

4 . 2 Site Plan and General Arrangement 

The plant site plan is based on receiving coal and limestone 
by rail and shipping fly ash off-site by rail. A 60 day pile of 
coal and limestone is provided. Solos to hold 15 days' accumulation 
of dry fly ash are provided adjacent to the rail terminal. A series 
of small ponds catch run-off water from the site and provide for 
treatment of all water returned to the North River. 

Figures 3 and 4 show the site plan and general arrangement. 

The smaller overall layout at the bottom of figure 3 indicates the 
dominant size of one 3600- by 3600-foot {1097- by 1097-m) sludge 
pond. The upper detail of figure 3 shows that at the active site 
about half the area will be used for coal storage and cooling towers. 
The boiler house abuts the turbine building. The electrostatic pre- 
cipitators are of substantial size in order to achieve 99.7 percent 
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particulate removal. A ringle stack serves the entire plant. The 

2 

estimated land area for the plant is 92 acres (372,311 m ). The 

2 

sludge ponds require an additional 1785 acres (7,223,640 m ) in 
close proximity to the main plant. 

The coal feed system provides transportation by belt conveyor 
from the line storage pile to the transfer tower. Tramp iron is 
removed and large size frozen coal is crushed to small size. Next, 
the coal is conveyed to the surge bin in the boiler house, where 
vibrating feeders and two conveyor belts feed eight coal silos dis- 
posed on opposite sides of the building. The filled silos guarantee 
eight hours of boiler output. Each silo feeds a single coal pul- 
verizer by a gravimetric feed. Coal drying and conveyance to the 
burners is by hot primary air. For startup and warmup an oil system 
firing no. 2 fuel oil is provided, along with 100,000 gallons (379 m^) 
of fuel storage in two tanks. 

The plant general arrangement is presented in figure 4. The 
eight silos on either side of the boiler each hold an 8-hour coal 
supply and feed to one pulverizer. The air preheaters are significant 
features of the left side of the lower figure. The ground level of 
the turbine hall on the right side of the lower figure indicates the 
arrangement of the many support : unctions for the steam turbine cycle. 

The general arrangement elevation view shown in figure 5 shows 
the boiler details and orientation relative to the turbine hall and 
the flue gas exhaust system. The arrangement provides for short 
steam lines and liberal access space for all apparatus. At the 
extreme left, the flue gas exits to the electrostatic precipitators 
and sulfur dioxide scrubbers. 

The four electrostatic precipitators are sized to provide the 
low gas velocities essential to the capture of 99.7 percent of the 
flue gas fly ash. Each unit is nominally 54 feet (16.5 m) high, 93 
feet (28.4 m) wide, and 44 feet (13.4 m) deep. The entry and exits 
are divided in two to retain normal flue connections. Each unit is 
services by one induced draft fan working in the cleaned gas leaving 
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the unit. The six wet gas scrubbers and reheaters then deliver 
the flue gas to a single 500-foot (152-m) stack. 

4 . 3 Electrical One-Line Diagram 

Figure 6 shews the plant electrical one-line diagram. The 
station service requirements at 3.8 KV may be seen to be supplied 
by two separate buses for increased reliability. An emergency 
diesel generator is also included to provide black-start capability 
should the plant be required to start up at a time when power from 
the external power network is unavailable. 
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Figure 6. - Electrical One-Line Diagram (Based on Fig. 12. 
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Figure 6. - Electrical One-Line Diagram (Based on Fig. 12. 
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5.0 MAJOR PLANT COMPONENTS AND CHARACTERISTICS 


This section briefly reviews the salient characterise cs of 
the major plant components as originally presented in the ECAS 
study (Ref. 7) and adopted., with necessary changes, for use in 
the modified plant. Further details, not presented in this sec- 
tion, may be found by reference to the ECAS study (Ref. 7). 

5 . 1 Steam Turbine-Generator 

A heat balance for the steam cycle is presented in figure 7. 

It is identical to that for the ECAS reference plant. Operation 
at the 100 percent rated power conditions of 820 MW is shown for 
the 250° F (394° K) reheat temperature case. The 175° F (353° K) 
reheat case requires modification to account for the small extrac- 
tions needed. The rating at the valves wide open (VWO) point is 
860 MW. The seven feedwater heaters and the throttle and reheat 
conditions are typical of supercritical reheat units. The unusual 
feature is the 926,000 lb/h (117 kg/s) of extraction steam used 
for the stack gas heating service. The effect of the extraction 

on the steam turbine cycle is as if a separate condenser were 

2 

located at the 134 psi (923,897 N/m ) level. The reduction of 
steam flow to the low pressure stages reduces generator output 
and also the condenser and cooling-tower heat rejection load. 

The steam turbine comprises four shells. The high-pressure 
turbine, the reheat turbine, and two double-flow low-pressure con- 
densing turbines are arranged in tandem with the single generator. 
The last-stage turbine buckets are 33.5 inches (851 mm) long. These 
are the largest buckets applied to 3600 rpm turbines for fossil- 
fired service. The unit is specified as "TC4F33.5," indicating 
tandem compound, four exhaust flows, with 33.5-inch (851-m) last- 
staqe buckets. 

The heat to the steam cycle at 100 percent operating conditions 
is 6867.5 MBtu/hr (2.01 GJ/s). The heat input would be 8375.54 
Btu/kWh (8.84 kJ/kWh) for generator output. 
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5.0 MAJOR PLANT COMPONENTS AND CHARACTERISTICS 


This section briefly reviews the salient characterise cs of 
the major plant components as originally presented in the ECAS 
study (Ref. 7) and adopted,, with necessary changes, for use in 
the modified plant. Further details, not presented in this sec- 
tion, may be found by reference to the ECAS study (Ref. 7). 

5 . 1 Steam Turbine-Generator 

A heat balance for the steam cycle is presented in figure 7. 

It is identical to that for the ECAS reference plant. Operation 
at the 100 percent rated power conditions of 820 MW is shown for 
the 250° F (394° K) reheat temperature case. The 175° F (353° K) 
reheat case requires modification to account for the small extrac- 
tions needed. The rating at the valves wide open (VWO) point is 
860 MW. The seven feedwater heaters and the throttle and reheat 
conditions are typical of supercritical reheat units. The unusual 
feature is the 926,000 lb/h (117 kg/s) of extraction steam used 
for the stack gas heating service. The effect of the extraction 

on the steam turbine cycle is as if a separate condenser were 

2 

located at the 134 psi (923,897 N/m ) level. The reduction of 
steam flow to the low pressure stages reduces generator output 
and also the condenser and cooling-tower heat rejection load. 

The steam turbine comprises four shells. The high-pressure 
turbine, the reheat turbine, and two double-flow low-pressure con- 
densing turbines are arranged in tandem with the single generator. 
The last-stage turbine buckets are 33.5 inches (851 mm) long. These 
are the largest buckets applied to 3600 rpm turbines for fossil- 
fired service. The unit is specified as "TC4F33.5," indicating 
tandem compound, four exhaust flows, with 33.5-inch (851-m) last- 
stage buckets. 

The heat to the steam cycle at 100 percent operating conditions 
is 6867.5 MBtu/'hr (2.01 GJ/s). The heat input would be 8375.54 
Btu / kWh (8.84 kJ/kWh) for generator output. 
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5.2 Steam Generator 


A general layout of the conventional supercritical once-through 
steam generator included in the plant is shown in figure 5. It is 
the same as that of the ECAS reference plant. Eight ball mill coal 
pulverizers are located at the base elevation. Low emission burners 
are arrayed about the radiant furnace section. The comoustion gas 
flows upward over superheater sections, downward in parallel paths 
through the reheater and the primary superheater, and exits from the 
economi zer . 

In contrast to the ECAS reference plant design, a low-NC> x fur- 
nace configuration, such as that recently developed by one boiler 
manufacturer, is substituted for the "staged combustion" technique. 

The low-NO^ configuration includes a specially designed furnace 
chamber with directional low-emission burners to provide a diffuse, 
extended flame and uniform mixing throughout the combustion zone. 

This prevents the formation of high temperature regions where excess 
N0 x can be produced. It also permits stoichiometric firing. Since 
combustion stoichiometry was not addressed in the ECAS study (Ref. 7), 
it is assumed within the accuracy of this study, that the staged 
combustion technique referred to in the ECAS study permitted opera- 
tion close enouqh to a stoichiometric mixture that any differences 
in air flow with that for stoichiometric firing could be neglected. 

The costs of the steam generator for the ECAS and modified plants 
were therefore estimated to be the same. Control of nitrogen oxides 
is discussed further in section A5.0. 

5 . 3 Particulate Scrubber 

The electrostatic precipitator is located downstream of the 
boiler air preheater as indicated in figures 2 and 3. It is of 
conventional design incorporating features that are characteristic 
of American units. For example, the plant includes weighted wires, 
maximum power density to minimize collection plate area, and fre- 
quency and intensity adjustable air driven rappers and vibrators. 
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5 . 4 Sulf ur Dioxide Scrubber 


A schematic diagram of the wet limestone sulfur dioxide 
scrubber system is shown in figure 8. The diagram in the same 
for both the 250° and 175° F (394° and 353° K) stack gas reheat 
temperature cases. The sulfur removal efficiency is 90 percent 
to meet the EPA June 1979 NSPS as discussed in section 3.1. A 
60-day supply of limestone is stored on-site to provide continu- 
ity in case of any loss of supply. 

The right half of figure 8 illustrates the portion of the 
scrubbing system that causes the limestone to react with the flue 
gas sulfur to form the solids th>t accumulate in the sludge ponds. 
Limestone is mixed with pond recycle water and transferred to a 
16-hour slurry storage tank. The limestone slurry and pond recycle 
water are discharged to the S0 2 absorber effluent holding tanks 
whore they are recycled to the S0 2 absorber. 

The three-stage SC> 2 absorber operates on flue gas that has 
been quenched from 300° F (422° K) and saturated with water vapor 
at 125° F (325° K) by presaturation sprays at each absorber unit 
gas inlet. The flue gas flows upward through the three absorber 
stages. The liquid-to-gas ratio maintains 110 to 120 percent of 
the calcium-to-sulfur stoichiometric ratio. The effluent wet gas 
is further washed in the mist eliminator sprays. These sprays 
receive all of the fresh water intended for makeup in the scrubber 
system. This final wash captures large droplets of drift or re- 
cycle wash liquids and is designed to minimize acid mist carryover. 

The flue gas exiting the S0 2 scrubber at 125° F (325° K) and 
saturated with water vapor ‘ - highly corrosive and chemically 
active as noted in section 4.0. Normal heat exchangers that would 
reheat the flue gas to a stack temperature that would provide ade- 
quate buoyancy of the stack gas plume would not withstand the 
chemical attack of the flue gas as discussed in section A3.0. The 
necessary stack temperature* therefore, is achieved by steam-heating 
air in a separate neater and blending the heated air with the flue 
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gas. Six low head fans and six heaters are provided for this 
purpose. Two alternatives of stack temperature were examined 
as previously noted: 250° F (394° K) and 175° F (353° K) . 

Table IV lists the parameters of the blend air and its heat 
requirements for these alternatives at their 100 percent oper- 
ating point. The blending method of gas heating makes the plant 
increasingly inefficient as the stack temperature is increased 
toward the available air temperature of 333° F (440° K) , because 
of the ir.reaae in the steam extraction rate for the additional 
air heat./ j associated with the higher stack gas reheat. 

TABLE IV. - AIR HEATER PARAMETERS 
FOR STACK GAS REHEAT SYSTEM 
(Ref. 7, Table 4) 


Parameter 

Stack Gas Reheat Temperature, ° F (° K) 


250 (394) 

175 (353) 

Heat Duty (10^ Btu/hr) 

971 

217 

Steam (° F) In/Out 

620 /356 

620 /356 

Air (° F) In/Out 

59 /333 

59 /333 

Air Velocity (ft/min) 

900 

900 

Air Flow (10 6 lb/hr) 

14.6 

3.3 

Pressure Drop (in. water) 

1.5 

1.0 

Heat Transfer Rate 

(Btu/(hr) (sq ft) ( F) ) 

5.5 

10.4 

Finned Surface (sq ft) 

645,000 

86,500 


The sludge ponds are the remaining element of the wet scrubber 
system. Each pond measures 3600 feet (1097 m) by 3600 feet (1097 m) 
by 22 feet (6.7 m) deep. Six ponds would be expected to accommodate 
30 years of plant operations. The accumulation rate of solids would 
equal the solids delivery rate of 150,000 lb/h (18.9 kg/s) of calcium 
sulfite and excess unreacted limestone. 
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5.5 Component Comparison: ECAS Reference Plant Versus Modified 

Reference Man t 

Table V presents a comparison between the components of the 
ECAS and modified reference plants. Both the 250° and 175° F 
(394° and 353° K) stack gas reheat temperature cases are included. 

The table lists the design features, manhour installation times 
and balance-of-plant costs of all those items which differ from 
any one case to another. Each item is identified with the FERC 
Account Subdivision Number (as discussed in section .4) in which 
it appears in the detailed capital cost estimates of section 7.2 
and the ECAS report numbers (Ref. 7) which are used as designations 
in ECAS tables 15, 16, 27 and 28 (see Note 1 to the table). 

All the component costs listed are in mid-1978 dollars. The 
costs for the ECAS reference plant have been updated from their 
mid-1975 values, as reported in the ECAS study (Ref. 7) and included 
in tables XXXII and XXXIII, to mid-1978, as discussed in section 7.0. 

The table shows that there are a number of items which have 
design/cost differences between the 250° and 175° F (394° and 353° K) 
stack gas reheac temperature cases. These design/cost differences 
reflect, from the point of view of the 175° F (353° K) reheat case, 
the decreased quantity of steam diverted from the main turbine for 
reheat and consequent increased quantity of steam reaching the main 
condenser and condensate reaching the feedwater heaters. The table 
also shows that there are only three items which have design/cost 
differences between the ECAS and modified plants. The electro- 
static precipitator and breeching (FERC Account Subdivision No. 
312.71) , sulfur dioxide scrubber (FERC Account Subdivision No. 

312.81) and lime manufacturing system (on-site lime production; 

FERC Account Subdivision No. 312.83). The precipitators are in- 
creased in particulate removal efficiency from 99 to 99.7 percent, 
the wet sulfur dioxide scrubber is changed from lime to limestone 
utilization at 90 percent sulfur dioxide removal efficiency, and 
the lime manufacturing system is deleted entirely due to poor 
economics, as discussed in section A2.0. 
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TABLE V. - COMPARISON OF THE COMPONENTS AND ASSOCIATED MANHOUR (MH) INSTALLATION 
AND BALANCE OF PLANT (BOP) COSTS BETWEEN THE ECAS AND MODIFIED REFERENCE PLANTS 

(Mid-1978 Dollars) 


Biiiitil 

Title 

ECAS Reference ‘lent (2) 

Modified Reference Plant (2) j 

Stac'e Gm Reheat Teeperetur. ° T (° 


250 0 94) 



y - : - •* ! 6 -' 
i 
\ 

! 

i 

i 

! 

Instrumentation and Controls 
(•team generator system) 

Integrated boiler controls, 
boiler /turbine coordinating 
controls* main mechanical 
systcr; control hoard*, saatpl- 
ing system Including 
analyzers and sampling panel* 
stack emissions monitoring 
system and data acquisition 

220,000 MV. $f*0?6,000 BOP 

Ttv* tana as tha 250° f 
reheat cate. 

219.000 BH. *5. 970. BOO ROP 

The same as the ECAS 250° t 
rehe.it case. 

The same as tha roi F 

repeat case. 

112.61 

3.3, 

r-4 

Main condensate Pomps 
and Motors 



vertical centerline, 4250 gpm, 
600 hp motor, 410 ft. TDK (2 
reqd. f $105,400 ea.) 

5000 mf, $ 806,000 bop {In- 
cludes other pumps and 
drivers ret listed elsewhere 

Vertical centerline , 

5100gp«, 753 hp actor, 410 
ft. TPM ( 2 reqO. « *117,000 
oa.) 5000 Kl(, *030,000 BOP 
{Include* other puapa and 
drivers not 1 later! elsewhere 

The sans as tha ECAS 250° T 

reheat case. 

Tha uaa a* the SCA! 175° r 

rahaat cat*. 

1.3. 

P-3 

feedwater Heaters 

Flow (100 Heat 

Percent) Transfer Area 
lO* ib/;.r (»<!. ft.) 

LP#l 4.05 14,330 

LPS2 4-05 13*550 

IP* 3 4.05 13,720 

LP44 4.05 18,770 

9000 MV , S3 , 794 , 400 BOP 
(includes miscellaneous 
heaters and exchangers; 
tanks and vessels; and 
intermediate pressure (1), 
high pressure {1) and 
deaerating feedwater 
heaters ) 

(See Note 3.) 

Flow (100 Keat 

Percent) Transfer Area 
10 s lb/hr (*q. ft.; 

LPll 4.75 17,170 

LP42 4.75 16,260 

LP*3 4.75 16,600 

LP#4 4.75 22,71* 

9000 '*H, 33,910,400 BOP 
(includes miscellaneous 
heaters and exchangers; tanks 
and vessels; and intermediate 
pressure (1> , high pressure (1) 
and deaerating feedwater 
heaters) 

(See note 3.) 

The same as the ECAS 250® F 
reheat case. 

Tha lilt a* th* fCAS 1750 T 
rahaat caaa. 


*See page 45 for explanation of footnotes. 
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NOTES TO TABLE V 


(1) Identification numbers in this column consisting of letters and 
numerals refer to tables 15 and 27 of the ECAS report (Ref. 7) , 
reproduced in Appendix C, pages 173 to 180 (table 15) and 188 to 
191 (table 27), for reference. Identification numbers in this 
column consisting of numerals only refer to tables 16 and 28 of 
the ECAS report, reproduced in Appendix C, pages 181 to 187 
(table 16) and 192 to 198 (table 28), for reference. References 
to ECAS report tables are as indicated. 

(2) All the costs of the equipment and balance-of-plant materials 
listed are as of mid-1978. Those listed in the ECAS Reference 
Plant columns are escalated from the mid-1975 values listed in 
tables XXXII and XXXIII, as discussed in section 7.0. (See also 
tables X to XIII) . 

(3) Only those feedwater heaters which have design changes are listed. 
The manhour (MH) and balance-of-plant (BOP) costs, however, are 
for all the heaters. 

(4) Only those items which change are listed. 

(5) This value is listed in the ECAS report (Ref. 7, table 27, Item 
F-8) and appears to be low. A value closer to 282,000 gpm would 
be more consistent with the addition of the three cooling tower 
cells ana the increase of the circulating water pipe diameter 
from 114 in. to 123 in. indicated for the 175° F (353° K) stack 
gas reheat case. 
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Based on discussion with an emissions control equipment manu- 
facturer, the estimated cost of each of the four electrostatic 
precipitator units with the increased efficiency required for the 
modified plant is $2,500,000 compared to $1,906,500 for the ECAS 
plant. The same precipitators and costs are included for both 
the 250° and 175° F (394° and 353° K) reheat cases, as shown, 
since approximately the same quantity of the flue gas is expected 
to be processed in each case. The direct labor manhours and 
balance-of-plant materials cost associated with the precipitator 
installations ere also estimated to be the same for the two reheat 
temperatures and for both the ECAS and modified plants. 

The estimated cost of each of the six wet limestone S0 2 
scrubber units in the modified plant is $1,500,000 compared to 
$1,240,000 for the wet lime S0 2 scrubbers in the ECAS plant. The 
increased cost of the units in the modified plant results from 
the increased size and number of internals necessary to permit 
the greater quantities of limestone slurry to be sprayed into the 
flue gas flow to achieve the required 90 percent S0 2 removal. The 
same size units are provided for both the 250° and 175° F (394° and 
353° K) reheat cases. 

The SC> 2 scrubber system pumps, tanks, large piping, and founda- 
tions and structures are also estimated to cost more for the modi- 
fied plant than for the ECAS plant reflecting the greater quantities 
of limestone and limestone slurry require 1 to be handled. Respec- 
tively, these balance-of-plant costs are estimated to be: $1,812,000 

compared to $1,339,200 for the pumps, $3,360,000 compared to 
$2,703,200 for the tanks, $4,213,200 compared to $3,261,200 for the 
large piping (for the 250° F (394° K) reheat case), and $4,800,000 
compared to $4,538,400 for the foundations and structures. A de- 
crease in the cost of the large piping between the 250° and 175° F 
(394° and 353° K) reheat cases for both the ECAS and modified plants 
reflects the reduced reheat air heater steam supply and condensate 
return piping sizes required for reheat to 175° F (353° K) . The 
decrease is seen to be $3,261,200 to $2,938,200 for the ECAS plant 
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and $4,213,200 to $3,920,000 for the modified plant. The cost of 
the scrubber ductwork is estimated to be about the same for both 
the modified and ECAS plants, since (as already noted) approxi- 
mately the same quantity of flue gas is expected to be processed 
in each case. Since the physical sizes, weights and shapes of 
the SO 2 scrubber system components for both the ECAS and modified 
plants are expected to be nominally the same, no exception is 
taken to the values of their associated direct labor installation 
manhours, developed in the ECAS Study (Ref. 7), and the manhours 
are estimated to be the same as the ECAS values, as shown. 



6.0 PLANT PERFORMANCE 

Table VI summarizes the estimated output of the modified refer- 
ence plant for the 250° and 175° F (394° and 353° K) stack gas re- 
heat temperature cases. The auxiliary losses listed in the table 
are broken down in table VII. For the purposes of this study , the 
quantities listed are estimated to be the same as those of the ECAS 
reference plant (Ref. 7). The variations introduced in the ESP and 
scrubber losses , for example , are expected to be of secondary 
importance and not to affect any performance results of the ECAS 
reference plant. Selection of on-site limestone production, how- 
ever, reduces the coal input rate to the modified plant by 2 percent 
and improves the overall plant efficiency by 0.5 and 0.6 percent 
for the 250° and 175° F (394° and 353° K) stack gas reheat cases, 
respectively. 


TABLE VI. - ESTIMATED PLANT POWER OUTPUT* 



*Based on Ref. 7, Tables 10 and 26. 


Table VIII summarizes the plant performance for the two reheat 
cases. As in the ECAS study (Ref. 7) the summary is broken into 
two parts; the first refers to the steam cycle, the second refers 
to the overall plant. The heat input to the steam cycle, 6867.4x10* 
Btu/hr, is the same for both the 250° and 175° F (394° and 353° K) 
reheat cases because the coal input and boiler efficiency were held 
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TABLE VII. - ESTIMATED 


Item 

Assumptions 

1 Furnace 


i 

FD Fens 

19" 0.82 eff 

PA fans 

4 2 " /!» P , 0.82 eff 

ID fans 

23" ^.P, 0.V8 eff 

ESP 

| 

695,000 cfm , 300° F, 
0.997 eff 

Pulverizers 


Subtotal 

Turbine Auxil- 

0.33 percent of 

iary 

gross kw 

Wet Scrubber 


Major Pumps 


booster 

600 psi, 6xl0 b lb/hr, 
75 percent x 90 per- 
cent 

condensate 

185 psi, 3 . 9xl0 6 lb/ 
hr, 70 percent x 90 
percent 

circ. water 

proportion to cooling 
heat duty 


Subtotal 


Water Intake 

ECAS Estimate* 

Solids Handling 

! 

i 

Based on rates and 
lifts 

"Hotel" Loads 

1 

ECAS estimate 1 per- 
cent of generation* 

Cooling Tower 
Fans 

Proportional to heat 
duty 

i Transformers 

| 

0.5 percent of gross 
generator 

Total Auxiliary 
Power 


on Re 


PLANT AUXILIARY POWER LOSSES* 

















TABLE VTI I . - PLANT PERFORMANCE SUMMARY * 



^f'^TT^’WTr^inrTTT^'rTiTTITrrTTHMI 


250 (394) 

175 (353) 

Steam Cycle 

Heat Input (10 6 Btu/hr) 

6867.4 

6867.4 

Gross Power Output (MW) 

819.9 

868.6 

Gross Heat Rate (Btu/kWh) 

8376 

7906 

Thermodynamic Efficiency 
(percent) 

40.7 

43.2 

Overall Plant 

Coal Heat Input Rate 
(10 6 Btu/hr) 

7881 

7881 

Net Power Output (MW) 

747.2 

795.5 

Net Heat Rate (Btu/kWh) 

10,547 

9907 

Efficiency (percent) 

32.3 

34.4 


"Based on Ref. 7, Tables 21 and 31 and Figures 2 and 5. 
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at constant values. The gross power output, however. Is signif- 
icantly lower in the 250° F (394° K) case, due to the extraction 
of 926,000 lb/hr of steam at the crossover point for the flue gas 
reheat air heaters in the 250° F (394° K) case compared to 213,426 
Ib/hr in the 175° F (353° K) case. As a result, the steam cycle 
gross heat rate, which is the ratio of the steam cycle heat input 
to the steam cycle gross power output is significantly higher for 
the 250° F (394° K) case than the 175° F (353° K) c.*.se. Specifi- 
cally, it requires 8376 Btu of input thermal energy to produce 
each kilowatt hour of electrical energy in the 250° F (394° K) 
reheat case compared to 7906 Btu of input thermal energy to produce 
each kilowatt hour of electrical energy in the 175° F (353° K) 
reheat case. These requirements can be alternatively expressed 
as thermodynamic efficiencies of 40.7 and 43.7 percent, respec- 
tively, for the two cases relative to an ideal plant which requires 
3412 Btu of thermal energy to produce each kilowatt hour of elec- 
trical energy. 

Total heat input to the modified plant is held at 7881x10^ 
Btu/hr based on the HHV of the coal. This coal input rate is 
identical to the fuel input rate used in the ECAS reference plants 
when the coal for the on-site lime production is excluded. The 
boiler efficiency of 87.13 percent is used for both cases as in 
the ECAS. Noting that the net plant power output is 747.2 MW for 
the 250° F (394° K) reheat case and 7 r V.5 MW for the 175° F (353° K) 
reheat case, the net plant heat rates ar 1 * 10,547 Btu/kWh and 9907 
Btu/kWh, respectively, for the two cases. These, alternatively, 
represent overall plant efficiencies of 32.3 and 34.4 percent. 

It is of interest that both of these efficiencies are slightly 
higher than the corresponding values calculated for the ECAS refer- 
ence plant (31.8 and 33.8 percent. Ref. 7, Tables 21 and 31). 
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7.0 DETAILED PLANT CAPITAL COST ESTIMATES 


This section presents the detailed capital cost estimates, 
as of mid-1978, for the ECAS and modified reference plant con- 
ventional furnace coal-fired power plants with wet SOj scrubber 
and 250° and 175° F (394° and 353° K) stack gas reheat tempera- 
tures. Specifically, the estimates are for the 

1. ECAS reference plant - 250° F (394° K) reheat (table X) 

2. ECAS reference plant - 175° F (353° K) reheat (table XI) 

3. Modified reference plant - 250° r‘ (394° K) reheat 
(table XII) 

4. Modified reference plant - 175° F (353° K) reheat 
(table XIII) 

The format employed was specified by NASA, with a few minor 
variations, and is discussed in section 3.4. The numbering and 
titles of the major cost accounts (i.e., account numbers 310., 

311., 312., 314., 315., 316.) conform to those specified in the 
uniform systems of Federal Energy Regulatory Commission (FERC) 
accounts (Ref. 8) (formally called Federal Power Commission (FPC) 
accounts), and the subdivision titles generally conform to those 
employed in the " (MHD) Engineering Test Facility (ETF) Design 
Report" (Ref. 5). The following section provides a pictorial 
guide to the components which are included in the FERC accounts. 

7. 1 Cost Accounts Associated With the Major Plant Components 

Figure 9 (adopted from Ref. 7, Fig. 2) presents a schematic 
process flow diagram for the reference conventional furnace coal- 
fired power plant with wet SC^ scrubber. The diagram is based on 
the ECAS reference plant which utilizes a limestone calciner. 
Indicated in the figure are the numbers of the respective FERC 
accounts or subdivisions in which each of the components or systems 
illustrated is included. For ease of reference, the corresponding 
titles of the accounts and subdivisions are listed in table IX. 
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TABLE IX. - TITLES OF THE FERC ACCOUNTS INDICATED 
ON THE PROCESS SCHEMATIC OF FIGURE 9 


FERC 
Acct . 
No. 

Account Title 

311. 

STRUCTURES & IMPROVEMENTS 

311.15 

Wnter Treatment Ponds 

311.3 

Main (Turbine-Generator) Building 

311.4 

Steam Generator Building 

311.9 

On-Site Waste Treatment (Including Water 
Treatment) Building 

312. 

BOILER PLANT 

312.1 

Coal Handling 

312.3 

Limestone Handling 

312.41 

Steam Generator (Equipment) 

312.44 

(Steam Generator) Auxiliaries 

312.61 

Condensate and Feedwater System 

312.71 

Precipitators and Breeching 

312.72 

Chimney 

312.73 

Stack Gas Reheat System 

312.81 

Flue Gas Desulfurization Equipment 

312.83 

Lime Manufacturing System 

314. 

STEAM TURBINE-GENERATOR AND AUXILIARIES 

314.1 

i 

i 

' Steam Turbine and Auxiliaries 

314.2 

Condenser and Auxiliaries 

314.31 

(Circulating Water System) Pumps, Valves, 
Piping and Structures 

314.32 

Cooling Towers 

314.41 

Main Steam (Piping Systems) 
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To revise the schematic to represent the modified reference 
plant, the only significant change necessary is to replace the 
lime manufacturing system (calciner, calciner coal supply# cal- 
ciner exhaust gas cleanup and lime transfer system) with a lime- 
stone preparation system (limestone pulverizer and slurry pre- 
paration tank). The limestone preparation system will also 
replace the lime manufacturing system in FERC Account Suodivision 
312.83. The material flows indicated in figure 9, of course, 
will require alteration too, but this will not affect the FERC 
account in which the equipment is listed. 

7 • 2 Detailed Capital Cost Estimate Tables 

Tables X, XI, XII and XIII present the detailed capital 
cost estimates for the four reference plant configurations con- 
sidered in this study. Each of the estimates is based on the 
original ECAS cost estimate details developed as part of the 
ECAS study (Ref. 7), which are included in Appendix C, for refer- 
ence. To provide the means to correlate the estimates in this 
section with those in Appendix C, each of the estimate items in 
this section is identified (in the second column of each account 
subdivision) with the number (s) of the associated item(s) in the 
ECAS estimates. 

Since the ECAS estimates were not in the format required for 
this study, they were recast appropriately. For reference, the 
recast estimates are included in Appendix E, since they are in 
mid-1975 dollars rather than mid-1978 dollars. For inclusion in 
this section, the estimates were updated to reflect costs as of 
mid-1978. This was accomplished by applying separate escalation 
factors to each of the FERC accounts. These account specific 
factors were calculated from the Handy-Whitman Index of Public 
Utility Construction Costs (Ref. 9), as discussed in Appendix B 
and listed in table XXV, and were applied appropriately to 
escalate the major component, balance-of-plant materials, 
installation and indirect costs of each account. A 20 percent 
contingency factor, as employed in the ECAS study, was applied 
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FEKC 

Account 

KiaVer 

310. 


m. 


311. 

1 

in. 

11 

311. 

12 

311. 

13 

311. 

16 

311. 

13 

311. 

3 

311. 

31 

311. 

.37 

311. 

.4 

311. 

61 

311. 

62 


un ABO LAKD EIGHTS 


STP'JCTVEES AND IMntOVEMDrTS 


(6) 

InprovMcnti to Sit* 


Sit* Prtparatlon and 
laprovawanta 


Sit* Otllltl** 

Head* and Ballrosda 


Tati and Plant Mr* 
Protection, Pane** and 
Cat** 

Uat«r Trtatntat Pond* 


Building 


St*aa 6*n*r*tor Bolldl* 



P*»crlptlon/5p*clf lent Ion 


Total Account 311. 

Total Subdlvlalon 311.1 

Soli ttatlng, clearing and 
grubbing, rouph grading, flnlab 
grading, landacaplag 

Stora and sanitary aawara, non- 
proccaa sarvlca water 

Railroad a pur, road a, walk* and 
parking area* 


Earthwork, pood lining, off- 
alt* pipeline 

Hotel Subdlvlalon 111.3 


Excavation, aubatrnctnra, de- 
watering and piling. Including 
excavation and aubatructor* 
fo* transmission plant switch- 
yard 

Building atrv-tur* and aarvlcaa 

Total Subdlvlalon 311.4 

Excavation, aubatructura, de- 
watering and piling 

Encloaur* atructur* and aar- 
vlcaa 


not Include^ In Study 

j , I 5 j, : 2, 1’C. 

1.647,200 1,510,170 I 1,174,656 

11,600 1,145,410 I 1,067,734 


7,i::,»43 : 

1,671,205 10,027,23! 

453,025 2,714,172 


37,503 325,017 
858,400 368,010 331,366 311,555 1,865,311 
656,000 708,760 638,1*6 408,585 2,451,535 

200 1,155,440 1,080,006 460,525 2,767,176 
2,422,280 2,214,160 2,011,440 1,413,576 8,4*1,456 


6,527,520 | 5,4*3,320 | 4,536,560 I 3,465,560 bo,617,160 


See page 70 for explanation of footnotes 





















TABLE X. - (Continued) 
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ORIGINAL PAGK IS 
OF POOR QUALITY 


1 


] ~ 

TABLE X. - (Continued) 


rzrc 

rzAi 

Pefort 1 

Accoun t /S uM 1 v 1 ■ 1 on 

Material Costa 





Account 

••urber 

Ident. J 
KoCs) . (2) i 

Title 

Deacriptlon/Sp^cl float ion 

Major '3 

Conpjrent 

Balance 1 
of Plant 

; Ip' tallatlon 
Coat Q) 

Indirect 
Cost (41 

Contingency 

Total 

112. 

- 

ao:tx> PLAMT (11 

Total Account 312. 

56.891 ,20: 

75,167,760 

34,651,130 

31,202,021 

3°. 582,432 

237,494.553 

112.1 

3. a. 5.1, 
S. 3 

Cp/» 1 Hendl_in£ 

Total S’jbdlv! tlon 312.1 

Coal, line stone and 
aah handling excavations, 
foundations pita & tunnels. 

railcar dunplng 
equipment, dust collectors, 
primary L secondary cruih- 
lng equipment, belt scale, 
sampling station, magnetic 
cleaners, cctlle equipment 
coal fllos, reclaiming 
feedera, and the following 
conveyors to coal plls and 
coal allot: 


6,914 , 26C 

2.407,77': 

2,10,2.1 

2,698,272 

15,189.6:3 

ni. u 


Unloading and Yard Storage 

- 

- 

- 

- 

- 

- 

- 


C-l 

Coal Conveyor bait 

SO in. wide, 340 ft. long, 
3000 tpb 

- 

- 

- 

- 

- 

- 


C-2 

Coal Conveyor bait 

60 In. wide, 760 ft. long, 
3000 tph 

- 

- 

- 


- 

- 


C-3 

Coal Conveyor belt 

60 in. wide, 190 ft. long, 
3000 tph 

“ 

“ 

• 


- 

- 

112.11 

- 

Racial* and Delivery 

_ 

- 


- 

- 

- 

- 


C-4 

Coal Conveyor belt 

42 in. wide, 980 ft. long, 
500 tph 

- 


- 

- 

- 

- 


C-5 

Coal Conveyor bait 

42 in. wide, S40 ft. long, 
500 tph 

- 

~ 

- 

- 

- 

- 


C-6 

Coal Conveyor bait 

42 in. wide, 170 ft. long, 
SOO tph 

“ 

- 

- 

- 

- 

- 


C-7 

Coal Conveyor bait 

42 in. wide, 110 ft. long, 

500 tph 

- 

- 

- 

- 

- 

- 


c-§ 

Goal Conveyor bait 
(2 reqd. ) 

30 In. wide, 160 ft. long, 
300 tph 

• 

“ 

- 

- 

- 

- 


♦See page 70 for explanation of footnotes 


1 
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*See page 70 for explanation of footnotes 



TABLE X. - (Continued) 


ubdleision 


t>e sc r 1 pt lon/Soec 1 f lea t ion 


Total Subdivision 312.4 
Heat transfer 

surface and pressure partsi 
buck stays, braces and 
hangers; fuel-burning 
eq'jifvent, a'-cts-oriei, 
soot and ash equip-nentv 
control systems, brick- 
work, refractory and 
insulation; support steel 
l misc. materials; primary 
air fans & feedwater piping 


Material Costa 



49,265,200 I l6,551,2CC 


19, 314, <90 I 16,490,8341 20,122,345 


Total 

Coat 


120.794.070 


49,265,200 I 8,432.000| 12,238,600 |11,020,12eI 16,191,226] 97,147,354 


Instrumentation and Integrated 

Controls boiler controls boiler/ 

turbine coordinating 
controls, main *ch. 
system control boards, 
sampling system includ. 
analyzers and sampling , 

panel, stack esussions I 

monitoring system, and , 

data acquisition system 

Auxiliaries Air preheater ; 

flues and ducts to pre- 

cipitators; insulation 
for flues and ducts; 
pulverizers, feeders 
and hoppers; and the 
following fans; 

Forced draft fans (2regd. Coerating: 971,000 cfm tSCPf, 
4 $483,600 ea.) 5.F. outlet - 19 In. v.f. 

Test block: 1,165/300 cfm • 
105° F. S. f. outlet - ?4.7 ia. 

e.y. 

Motor t 6,S00 hp 


See page 70 for explanation of footnotes 


6,076,0001 


3,205,400 2,886.224 2,433.525 I 14.601.149 


2.870,290] *,584,4 


1,057,594 I 9,045, 587 
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See page 70 for explanation of footnotes 

























TABLE X. - (Continued) 


i 


o> 

u 


me 

COS 

ntport 

«wit rr^rti L 

Hat. rial CmU j 

ImuUiUm 

C«t |J) 




Account 

*ixxber 

Ider.t, 
Hod) . (2) 

title 

Description /Spec If icatio* 

myn u, 

Coaponent 

saiims (J 

of riant 

Indirect 

3oot(4) 

Gun tings mey 

allowance (5) 

Coot 

m.o 


Flue Cot D*iulfurlutloa 

Total Subdivision 31^.8 


29 , C id , 4CC 

8, 02:, 420 

7.9SC,235 

0,161, 61: 

54,9Ci,644 



System 








112.81 

- 

FGO equipment 

Total Subdivision 112.81 

- 

ll.iil.c .0 

5. 24b, 200 

4.722.012 

5.9C3.942 

35.9:3.454 


1.15, 

r -12 

Met line SO^ scrubber* 
(turbulent contact 
absorber) (4 reqd. t 

Corplet* SOj 

scrubber vessels vitb pre- 
saturator and sist 
eliminator systems. 40ft. 
high x 40 ft. v! !j x 18ft, 
long, 114L stainless 
steel, neoprene lined, 1 
stages r 450.000 acfn t 
1120 f Men 


8.Si3,:iC 

1 , 253.020 

1. 129.251 

104. 894 

13.157.3t5 


l.li 

Scrubber duct wort 

Five c»i duct 

outboard of electro- 
static precipitators, 
duct lining, dmet 
insulation, dampers 8 
expansion joints 


4.054,800 

3.015,090 

2,715.474 

1.957.293 

11.7/3,757 


X. IT 

Scrubber aytta |M#l 

Slurry recycle 
•18 8 $40,400 »*.); 

mist eliminator wash 
(J t -il. '.CO **.); 
s lorry storage and 
transfer C4.940 u.) ; 
slurry feed (3 # ,€.200 
•a.); pond feed tank (3 
• 51 i, 400 ss.lfpontf feed 
booster <2 • si 8, COO ea.)i 
pond water recycle and 
booster (4# $15,500 ««.) 


1. XX*. 200 

145, TOO 

131,193 

123,218 

1,839.310 

_ 


IcnMw »yw tanka 

Tanks and 

agitators for absorber 
effluent bold, pond feed, 
entrainment separator 
surge, slurry surge, 
slurry storage and 
slurry transfer 


2,703,200 

54,280 

53, <71 

543.791 

}.X7«.7« 


*See page 70 for explanation of footnotes 



TABLE X. - (Continued) 


Da.cr lpt i on/Sp»c 1 f leat Ion 


ht»U) Coat, I 

lalaim Hi Installation lirilnel 
of Plant I Coat (!) Coatl4) 


Srri^itsar srsta* larpa 

Piping 


foundation! and 
Structural 


Makeup «ltcr • rt* 

utvratioA slurry water, 
nist elmir.ator wash, 
absorber tlurry effluent 
tjrk ovfrflrw, pond fetd, 
pond ifcyrU vatet, llw 
slurry, recycle • 1 ur ry , air 
beater •uTfly. 

• it heater condensate return 
pipinq 

To 1*1 Subdivision H2.M 

Foundat ions rartii- 

vork and structures part A- 

csilar to scrubber tqulp- 


3,261,200 I 772,210 I €95, 31S I 945,740 i 5. €74. 473 


4.51B.4C0 I 2. €22, 400. | 2.341.454 1.904.13] 111 *424,947 


Um Manufacturing 
Syitas 

(traveling grate kiln t 
SJ.34a.OJO. line sinker 

1 * 146.8001 


Line stone handling 
systan excavations , 

foundations, con- 
veyors. etc. 


Total Subdivision 111. S3 

Lives tone calcinert €50tonn/ 
day. nominal (660 too m /day , 
design) • 12 ft. vide a 4«ft. 
long traveling grate, Uft. 
I.D. a 160ft. long rotary 
kiln vith KiesM-type cooler, 
coal conveyor, bucket elevate 
and storage bin. coal grind- 
Ing/f iring equipment, control 
panel/instruenntat ion, 
refractories, drives, in- 
duced draft fan. baghouae 
dust collector and ducting, 
kiln stack, line conveyor 
bucket elevator, storage 
silos and line slaker 


4,536,400 941.420 645.847 1,273.177 \ 7,439,005 


♦See page 70 for explanation of footnotes 














TABLE X. - (Continued) 



‘Itifcalivlaim )) 4 J 































TABLE X. - (Continued) 




V 







| K*;or Balance ' I natal let lor. ! Indirect j Contingency 

D^acript lor./Speci f ication i Ccs^cr.ent of Plant Coat (3)1 Coat (<) | Allowance (SI 



* 

















TABLE X. - (Concluded) 


3S0. 

- 

3S0.1 

5.1. 


5. 2,5.3 

350 . 2 

«1. E- 

3S0.3 

4.3 


Account 

/Subdivision 

Material 

Costs 

Title 

Description/Specification 

Major 

Corponent 

— 

Balance 
of Plant 

— . _ . . . . 1 


tructures fc Ir-provetrenta 


Main Tran s fofwgri Total Subdivision 3 SO. 2 

468 KVA, FOA, 65° 

Sw itc hyard - 

Total of Direct Accounts 310. to 3S0. 

A/E Services t Ft e f 18 — — — - 

perrent of Salarc* of Plant 
v aterlals. Installation 
6 I-dlrec t r oat % 

Plant Capital Cost 

Escalation A Interest — — 

During Construction t 54.8 
percent (b.t y r. r 0 rstr. per. 6.S 
percent escalation rata, 10 per- 
cent Interest rate> <103 

Torsi Plsnt Capital Cost in Jan. 1984 Dollars 

Total Plant Capital Cost De-Escalated to *id-1978 <11)- 


2.223,COC 


Indirect 
Cost (4) 

Contingency 
Allowance (5) 

Total 

Cost 

46, 6^8 

4CS..44 

,i'2 

Lvlsion 311 

3 


46.66C 

485,144 

2,010,862 

{vision 315 

3 



1 

72/. 87,261 

1 74, 635,4714 

447,812,614 


SO, 907. DO* 

498,800,720 

27 3,342,795, 


772.143.S1S 


♦See pages 70 and 71 for explanation of footnotes 











NOTEo TO TABLE X 


(1) Based on ECAS report tables 15 and 16 (Ref. 7). 

(2) Identification numbers consisting of letters and numerals refer 
to table 15 of the ECAS report, reproduced in Appendix C, pages 
178 to 180, for reference. Identification numbers consisting 
of numerals only refer to table 16 of the ECAS report, repro- 
duced in Appendix C, pages 181 to 187, for reference. Refer- 
ences to other ECAS report tables are as indicated. 

(3) Escalated from the mid-1975 value listed in table XXXII using 
the account specific escalation factor listed in table XXV. 

(4) See Note 3. 

(5) Based on the 20 percent contingency rate included in the ECAS 
report (Ref. 7, page 44). 

(6) The costs of the buildings, structures and excavations listed 
in Accounts 33 1.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are 
calculated using the estimated percentages of the sum of the 
costs of Items 5.1, 5.2 and 5.3 of Ref. 7, taole 16, listed in 
Appendix C, page 199, table XXX, escalated to mid-1978 dollars 
using the account specific escalation factors for Accounts 311. 
and 312., where appropriate, listed ; n table XXV. Note that 
the same table applies to both the 250° and 175° F (394° and 
353° K) reheat cases. 

( 7 ) The separate balance-of-plant materials costs for the feedwater 

booster (2) and main feedwater (3) pumps are estimated from the 
combined balance-of-plant materials cost of these five pumps 
($3,220,000), listed in Ref. 7, table 16, as follows: The com- 

bined equipment cost of the pumps $3,070,000 ( (2 ) x ( $125 , 000 ) 

+ ( 3 ) x ($940 , 000 ) ) is substracted from the combined balance-of- 

plant materials cost and the remainder ($150,000) divided by 
the total horsepower of the five pumps (45,500 hp) resulting 
in $3.30/hp. This cost per horsepower is then multiplied by 
the horsepower of the two feedwater booster pumps, for example. 
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NOTES TO TABLE X (Concluded) 

to give $25,410 (7700 hp x $3.30/hp) and the equipment cost 
of the two pumps, $250,000, added to the product to give 
$275,410. This figure is then escalated to mid-1978 dollars 
($341,500) using the 1.24 factor for FERC Account 312. listed 
in table XXV. Similarly the cost of the main feedwater pumps 
is estimated as $2,944,740 (i.e., ($3. 30/hp)x (38 ,700 hp) 

+ ($940,000)), which is escalated to $3,651,500. 

j 

(8) The separate balance-of-plant materials costs for the stack 

gas reheat system forced draft fans and reheat air heaters 
are estimated from the combined $3,090,000 balance-of-plant 
materials cost listed in Ref. 7, table 16, as follows: The 

combined equipment cost of the fans and heaters, $2,880,000 

(6 x $200,000 + 6 x $280,000), is subtracted from the combined 
balance-of-plant materials cost. The remainder, $210,000, is 
divided equally between the fans and heaters, and one $105,000 
part is added to the equipment cost of the fans and the other 
to the equipment cost of the heaters to give $1,305,000 and 
$1,785,000 for the respective balance-of-plant materials cost 
of each. These values are escalated to mid-1978 dollars 
($1,618,200 and $2,213,400, respectively) using the 1.24 factor 
for FERC Account 312. listed in table XXV. 

(9) Includes the 20 percent contingency in Note 5 applied to the 
15 percent A/E services and fee rate employed in the ECAS 
report (Ref. 7, page 44) to account for the change in the 
order of applying the contingency and A/E services and fee 
rates in this study compared to the ECAS study. 

(10) Based on the guidelines specified hy NASA for the ECAS study 
(Ref. 4). 

(11) The sum of the Plant Capital Cost and Escalation and Interest 
During Construction divided by (1.065) J ^ to de-escalate the 
Total Plant Capital cost in Jan. 1984 at the completion of 
the 5.5 year construction period to mid-1978. 
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TABLE XI. - ECAS PEFFPENCE CONVENTIONAL FURNACE 
COAL-FIRED POWER PLANT WITH WET S0 2 SCRUBBER 
CAPITAL COST ESTIMATE DETAILS AS OF MID-1978 
(175° F Stack Gas Reheat Temperature (1)) 
(Mid-1978 Dollars) 


me 

AccousC 

ECAJ 



Mat. t.l 

Coat. 


■■I 

1 


Heat. 

woro.m 

Titlr 

Deacrlpt Ion/ Sped fleet loo 

Major (11 
Component 


m 



Total 

310. 


ULVD A50 LA.T) RICHTS 

. _ _ 



Wot Includec 

In Study ' 



311. 

- 

ST7'-"mm£S A.O TWFKOVtHEMTS 

Total Account 311. 

- 

11,153. 560 

12,304,700 

11.077.9S4 

7 , 307 ,643 

43,645,6:7 

311.1 

7.0 

IaprovMfntl to Site 

Total Subdivision 311.1 

- 

1,647,200 

3.530,170 

3,178,655 

1,671,205 

10,027,230 

311.11 

7.1 

Site Preparation and 
Lsproveaenca 

Soli testing, clearing and 
grubbing, rough gradlag, finish 
grading, landscaping 

- 

11,600 

1,165,010 

1,067,734 

457,029 

2,710,172 

311. U 


Sit. Otllltt.a 

Storn and sanitary severs, non* 
process service water 

- 

50,000 

60,150 

61,364 

37,503 

225,017 

311.13 


loads and tall road a 

Railroad spur, roada, walks and 
parking areas 

- 

659.400 

360,010 

331, 166 

111.535 

1,069,331 

111. u 


Yard «od Plant fire 
Protection, Peaces and 
Cates 

— 

- 

696,000 

700,760 

636,106 

408.589 

2,451,313 

311.13 

7.3 

Water Treataent Pood a 

Earthwork, pond lining, off- 
alte pipeline 

- 

23,200 

1,199,440 

1,080,006 

460,529 

2,763,176 

311.3 

- 

Main (Turbine -Generator) 
Building 

Total Subdivision 111.3 

- 

2,822,200 

2,234,160 

2.011,440 

1,411,576 

8,481,456 

311.31 

3.1.3. 3 


Cacavatlon, substructure, de- 
watering and piling, l*-ludlng 
excavation and aubetrweture 

yard 



• 




311.31 

3.3 

- 

■utldlng structure and ■(nrlui 

- 

6,927,320 

3,483,320 

4,936,960 

3,469,540 

20,017,340 

311.4 

- 

Staaa Canarator Iull4l«|t 

Total Suodlvlatoo 111.4 

- 

- 

- 

- 

- 

- 

311.41 

3. 1.3. 3 


Excavation, aubat rue turn, de- 
watering and piling 

• 






111.4] 

3.3 

- 



Enclosure structure and ser- 
vices 

- 

- 

- 

• 

- 

! 


•See page 86 for explanation of footnotes 









TABLE XI. - (Continued) 


















TABLE XT 


(Continued ) 


ECAS 

me nrport 

Account I dent. 
>\ri>tr So f a! . (?) 
317. 

317.1 !•*. i-1. 

’ S. 1 


Account /Subdivision 

Material Costs 



Major (3 

Balance ( 1 

Title 

Deter 1 ptlon/Speci fi cat ion 

Corponent 

of Plant 

*01 LE* PUkVT m 

Total Account 312. 

5'.,'. J..2 >0 

7C.133. 360 

Coal Psndllnq 

Total Subdivision 312.1 

Coal, 11 rev tone and 

ash handling ercavatloot, 
f O' jr.de 1 1 on ■ pita and tcooell 
Aleo, railcar duxrplng 
equipment, duat collector#, 
prl-Jiry and secondary crush- 
ing equipment, belt acalc, 
sampling station, cagnetlc 
cleaners, nobtle equlpoent # 
coal silos, reclalelng 
feeders, snd the following 
conveyors to coal pile and 
coal silos: 


0. *14, V- r 

Unloading end Yard Storage 

. 

- 

- 

Coal Conveyor belt 

60 In. wide, 340 ft. long, 
3000 tph 

- 

- 

Coal Conveyor belt 

60 in. vide. 760 ft. long, 
3000 tph 

~ 


Coal Conveyor belt 

60 in. vide, 190 ft. long, 
3000 tph 


~ 

Reclala and Delivery 

- 

- 

- 

Coal Conveyor belt 

42 in. vide, 980 ft. long, 
SCO tph 

- 

- 

Coal Conveyor belt 

42 in. vide, 540 ft. long, 

50C tph 

- 

- 

Coal Conveyor belt 

42 in. vide, 170 ft. long, 

sro tph 

- 

- 

Coal Conveyor belt 

42 in. vide, 110 ft. long, 
500 tph 

- 

- 

Coal Conveyor belt 
(2 reqd. ) 

30 In. vide, 160 ft. long, 
300 tph 




Indirect 
Co«t (41 

2? , ;C-1 ,689 [ 37,816,868 | 22>. 201,297 
2. ICO, 231 I 2 ,COfl , 272 I 16,189,633 


*. q ee page 86 for exnlanation of footnotes 









TABLE XI 


(Continued ) 




— 

rtic 

COS 

Ms port 

Account /Subdivision 

Material 

Costs 

mi 




Ac count 
NunUr 

Ider t . 
»o<s> . (2) 

Title 

Descrlpt lon/Speci f lcat Ion 

Major (3) 
Component 

!a lance (3) 
a f Plant 


Indirect 
Coat (4) 


Total 

Cost 

312.2 

1.10 

Sl «9 and Ash Handling 

Total Account 312.2 

Hot ton ash systea, 
fly ash handling system for 
precipitators and air pre- 
heater, ash conveyors, 
railcar loading equipment, 
ash hoppers, sluice pumps 
ar.d drives, piping, clirJier 
grinder, pressure blowers, 
valves and piping, and the 
following storage silos and 
associated equipment* 


4,4)9,200 

888,770 

800.271 

| 1.225,448 

7,353,889 

)U.2l 

C-l« 

P ly ash storage silos 
(2 reqd.) 

.'ceders, unloaders and 
foundations, alios: total 
volume 8)1,104 cu. ft., 

8S ft. high, 80 ft. dia. 







m.j 

1.9 

LlsMton# Handling 

Total Subdivision J12.] 

Magnetic cleaners, 
reclaiming feeders, belt 
scale, and the following 
conveyors to limestone 
pile and calclner* 


1,550,000 

320,540 

288,622 

431,832 

2,590,995 

J12.ll 

- 

Conveyors 



- 

- 

- 

- 

- 


09 

UseitoM Conveyor belt 

60 in. wide, 500 ft. long, 
3000 tph 

- 

- 

- 

- 

- 

- 


010 

LlsMtarw Conveyor belt 

24 in. wide. 630 ft. long, 
65 tph 

“ 


- 

- 

- 

- 


C-ll 

LI tone Conveyor belt 

24 in. vide, 420 ft. long, 
65 tph 

- 

• 

- 

“ 

- 

- 


C-ll 

Lisestone bucket Conveyor 

24 in. wide, 120 ft. long, 
100 tph 

“ 

• 

• 

• 

• 

• 

112.4 


Strait Generator Equipment 

Total Subdivision 312.4 

4i,265.2G0 

16,492,000 

18,299,920 

lt.477.71S 

20. 10t. 967 

120.641.802 

112.41 

1-K 

Table 14 

Strait Generator 

Heat transfer 

surface and pressure parts* 
backstays, braces and 

hungers; fuel-bur.' ing 
equipment, accessories, 
soot and ash equipment* 
control systems, brick- 
work, refractory and 
Insulation; support, steel 
6 mi sc. materials* primary 
air fans a feedwater piping 

49,265,200 

8,432,000 

12,238,800 

11 ,020,128 

16,191.226 

97,147,354 


*fee cage 86 f or explanation of footnotes 
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TABLE XT. - (Continued) 


•si 


>12.47 


Ident. 

*o(s).(2) 


Kccount/Subdi yi 1 Ion 

Material Coats 

I Descript lon/Specl f lcation 

Major (3) 

Coepcr.ent 

Balance Oil 
of Flant 


6.7 


112.0 


1.2 


lMtrw*ntition and 
Cont rols 


Aiullltr&ci 


F-9 


r-io 


F-14 


Forced draft fans (2 

4> 5483.6C0 «4- ) 


frlairy air fans (2reqd.) 


Integrated 

boiler cont rol * # bol ler/ 
turbine coordinating 
controls • ealn aech. 
systea control boards , 
earpiirg systea lnclud 
ar.alyz«*rs and sar-.plirwg 
panel, stack emissions 
Korltorin? systea and 
data acquisition systea 


Mr preheater; 
flues and ducts to pre- 
cipitators; insulation 
for flues and ductsi 
pulverisers, feeders 
and hofpers; and the 
following fans; 

Cper.tin?: *71.000 ef. ••ft, 

S T outlet - 19 In. ».«• 

T»tt block : 1, It* ,000 cf. • 
10S° Fi C -P. outle:*?4.7 In. 


»-*• 

no toe: 6.500 hp 


Induced draft (ui 
(4 raqd . « 

4272,690 «*.) 


0p.riUr.f: 161,750 cf. • 

*t,o r, 5 P. Inlet* 1* in. 
w.*., S.P. outlet • 42 In. 

Test B J ock : 11^.000 ctm » 

121° f, S T. lnlei-l» In. 

W. 9 ., S.P. outlet«S4.6 In. 

“ 1 

notor : 2.250 hp 

Operating: 660,000 ef. * yxf f. 
Total S.F.*2)ln.«.f. 

Test block; 800,000 cfa f 
325° F, Total S P.»30 In. 
a.q. 

Motor: 5,000 hp 


5.97C.8G0 


2, 08), 200 


(Included 


Coat (3) 


3,1*3.830 


2.870.290 


in S*>dlTlai<*t 312.411 


Indirect 
Coat (4) 


2.373.135 


2,584,482 


Contlafsncy 

Allowance 




2 , 408.147 


Total 

Cost 


14,4 *fc ,882 


1 ,507,504 


9.045,567 


•See page 86 for explanation of footnotes 










TAELE XI. - (Continued) 




id>dlvi«lao 


Description/S peel f lcatl< 


Material Coats 


Installation Indirect 
Coat (3> Coat (43 


Aodllary Boiler Syitw 

Oth er toiler Plant 5y« t »M 

Cor^nut* and Feedwater 
Systea 

Hein condtntata (nx>p« 4 
actor* (2 raqd. 

aa.l 


r««d»<t«r booster punpe 
ar.d eotor* (2 raqd. I 

U 56.000 n . > 

Kala boiler feed p\jsf>« 
and turbine drive* 

(J r*H(5. f :l .K'.too *• ) 


boiler feedwater piping 


Feedwater heater* 


•star Trcatwat Syt 


tffluent Control 




8,742. 200 349. '9' 314. 861 1.63:. 349 

8. ■’42. 200 349. 68 314.861 1 .881.349 


65.596 1 193.849 



vision 211 


2.511.363 J, 155. §27 


*See page 86 for explanation of footnotes 


















TABLE XI. - (Continued) 
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anation of footnotes 
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See page 86 for explanation of footnotes 








86 for explanation of footnotes 


TABLE XI. 


(Continued) 


Account 

*u=b«r 


"E3J" 
••port 
I dent . 
*><•). (2) 


314. 


314.1 


314.2 


314.3 

314.31 


•ccount/SubdlTlilor, 


Title 


2 . 0 , 

rig. • 5 

Tab>« 24 


3.4 # 

F-l 


3.2. 

F-7 


S.4 


STfc AM TURB INE - 

GENERATOR A! ID 


AUXILIAPJES 


Steam Turbine And 
Auxiliaries 


Oe sc r i pt lon/Spec i f 1 ca t i on 


..-.denser ft Auxiliaries 


Circulating Water Systeo 


Pumps, Valves, Piping 
and Structure 

Circulating water pumps 
and actors (3 •$?98,450 

Circulating water 
valves , piping ft 
structure 


Total Account 314. 


Total Subdivision 314.1 


069 HU m guaranteed generator 
output j tandea cocpound 4 flow 
turbine wit* 33 . S in last atage| 
buckets 2 . 3" Rq a^Si 3500 p*lg/ 
1005° y throttle stesn., 

1000° F/ 675 pfcit reheat at earn 
3.5 percent continuous 
extraction for atacX gae re- 
heat exciter. 092 HVA generator 
• 75 pslg hydrogen pressure* 

0 .9 pf. Hydrogen, lube oil 
and seal oil systems, stop- 
throttle valves, cross-over 
piping, insulatiort motors 
for auxl iianes 

Total Subdivision 314.2 

Shells, tubes, air ejectors 
at 2.3 in. Hg (abs.) , 

3 97 x 10 5 sq.ft, of heat 
transfer area, 4.67x10* pph 

Total Subdivision 314.3 

Total Subdivision 413.31 

95.00Cgp», 2500 hp, 75 ft. 
TDH each 


Material Coats 


Major C3 
Component 


33, 972, 50C 


3 3.97 2, 500, 


•a lance ( 3 ) 
of Plant 


26.060,40° 


127, fiOO 


3,098.800 


6.362,700 

952,500 

952,500 


Im 


natal la t loo 
Coat <j) 


indirect 
Coat (4 , 


19, loo, son 


1 , 790, 70 j 


251,60 


2,506,980 

44,760 

44,768 

jliidil in 3 


pontloq.ncT 

AllovancotS) 


17,198,840 


1.612,594 


uhfa 


220,422 


2,257,349 

40,310 

40,310 

llviolon 314 


9,266,510 


7,500.518 


716, in 


2,225,406 

207,515 

207,515 


J3I 


115.599,059 


45 .002, 119 


4 , 247,086 


13,752.435 

1.245.093 

1.245.093 


*See page 86 for explanation of footnotes 



































TABLE XI. - (Continued ) 


„ ECAS 

Report ’ 
mt * . „ 

tr 


4-i-nunt/ S 


Svltch?.ar 6 M o tor 
Control Center* 


E-7 # 20 Hi sc . 400 V load control | 
center transformers 
(14 reqd.) 

1'JJ. 24 Local control center 

transformers (2 reqd.) 


Description/Specification 

Total Subdivision 315.3 

Switchgear, 
switchyard ( load 
centers i motor control 
centers; local control 
stations; distribution 
panels, relay 6 reter 
boards 4 the follow- 
ing transformer s : 

1609 kVA, OA . 65° C, ll.BkV/ 
400 V/277 V, 3-phase, 60Ht 


7000 kVA, OA. 650 C, 13.8/ 
4.16 kV, 3-phase, 6011* 

Total Subdivision 315.4 


r . -.rtjit. Cable Tray, Wire, Total Subdivision 315.4 

' ible ar.1 luss^or* 

Miscellaneous Electrical Total Subdivision 315.5 


Material Costs 

Major (3 Balance ( 3 ) Installation Indirect Contingency total 

Component of Plant Cost (3) Cost (4) Allowance (5) Cost 


4 , lrti , OGO 


607,005 | 54*.56ll 1.047.1H o,4").fc«' 


5,018,400 9,133,900 li . 224,460 4.475,370 26,052.219 

2,472,300 5.246.25% |4.7il.86< 2.48..4S4 14.93C.»Ot 


Integrated Control Syst 


Power System 


MISCELLANEOUS POWER 


PLANT EQUIPMENT 


Fuel Oil Handling System 


Fire Protection Systee 


M achine 6 Maintenance 
Shops 


Comm uni cations i 
grounding* cathodic 6 
freeze protect ion * light- 
ing* pre-operational 
testing 


Total Subdivision 315.8 

Diesel g« .orator, 
batteries 4 associated 
d.c- equipment. 1000 04, 
3-phase, 60 Bz, 480 V,0i8pf. 

Total Account 316. 


_In<jluded in Subdl vision 3li.42_ 
Included in Subdivision 3lJ.42_ 


135,300 


350,000 


28,905 1 26. C2? 38.C46 


14 , 60* I 13,22 


Included in Subdivision 314 


Included In Subdivision 311 

14,600 1 13 . 22 ' 



*See page 86 for explanation of footnotes 


































NOTES TO TABLE XI 


(11 Based on ECAS report tables 27 and 28 (Ref. 7). 

(2) Identification numbers consisting of letters and numerals refer 
to table 27 of the ECAS report, reproduced in Appendix C, pages 
188 to 191, for reference. Identification numbers consisting 
of numerals only refer to table 28 of the ECAS report, repro- 
duced in Appendix C, pages 192 to 198, for reference. Refer- 
ences to other ECAS report tables are as indicated. 

(3) Escalated from the mid-1975 value listed in table XXXIII using 
the account specific escalation factor listed in table XXV. 

(4) See Note 3. 

(5) Based on the 20 percent contingency rate included in the ECAS 
report (Ref. 7, page 44). 

(6) The costs of the buildings, structures and excavations listed 
in Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are 
calculated using the estimated percentages of the sum of the 
costs of Items 5.1, 5.2 and 5.3 of Ref. 7, table 28, listed in 
Appendix C, page 199, table XXX, escalated to mid-1978 dollars 
using the account specific escalation factors for Accounts 311. 
and 312., where appropriate, listed in table XXV. 

(7) The separate balance-of-plant materials costs for the feedwater 

booster (2) and main feedwater (3) pumps are estimated from the 
combined balance-of-plant materials cost of these five pumps 
($3,220,000), listed in Ref. 7, table 28, as follows: The com- 

bined equipment cost of the pumps $3,070,000 ( (2 ) x ( $125 , 000 ) 

+ ( 3 ) x ( $9 40 , 000 ) ) is subtracted from the combined balance-of- 
plant materials cost and the remainder ($150,000) divided by 
the total horsepower of the five pumps (45,500 hp) resulting in 
$3.30/hp. This cost per horsepower is then multiplied by the 
horsepower of the two feedwater booster punvis , for example, to 
give $25,410 (7700 hp x $3.30/hp) and the equipment cost of the 
two pumps, $250,000, added to the product to give $275,410. This 
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NOTES TO TABLE XI (Concluded) 


figure is then escalated to mid-1978 dollars ($341,500) using 
the 1.24 factor for FERC Account 312. listed in table XXV. 

Similarly the cost of the main feedwater pumps is estimated as 
$2,944,740 (i.e., ($3 . 30/hp) x (38 , 700 hp) + 3 ($940 ,000) ) , which 
is escalated to $3,651,500. 

(8) The separate balance-of-plant materials costs for the stack gas 

reheat system forced draft fans and reheat air heaters are esti- 
mated from the combined $900,000 balance-of-plant materials cost 
listed in Ref. 7, table 28, as follows: The combined equipment 

cost of the fans and heaters, $810,000 (6 x $85,000 + 6 x $50,000), 
is subtracted from the combined balance-of-plant materials cost. 

The remainder, $90,000, is divided equally between the fans and 
heaters, and one $45,000 part is added to the equipment cost of 
the fans and the other to the equipment cost of the heaters to 
give $555,000 and $345,000 for the respective balance-of-plant 
materials costs of each. These values are escalated to mid-1978 
dollars ($688,200 and $427,800, respectively) using the 1.24 
factor for FERC Account 312. listed in table XXV. 

(9) Includes the 20 percent contingency in Note 5 applied to the 15 
percent A/E services and fee rate employed in the ECAS report 
(Ref. 7, page 44) to account for the change in the ( order of 
applying the contingency and A/E services and fee rates in this 
study compared to the ECAS study. 

(10) Based on the guidelines specified by NASA for the ECAS study 
(Ref. 4). 

(11) The sum of the Plant Capital Cost and Escalation and Interest 
During Construction divided by (1.065) 5,5 to de-escalate the 
Total Plant Capital Cost in Jan. 1984 at the completion of the 
5.5 year construction period to mid-1978. 
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TABLE XII. - MODIFIED REFERENCE CONVENTIONAL FURNACE 
COAL-FIRED POWER PLANT WITH WET S0 2 SCRUBBER 
CAPITAL COST ESTIMATE DETAILS AS OF MID-1978 
(250° F Stack Gas Reheat Temperature (1)) 
(Mid-1978 Dollars) 


r rJ»*r 

So'O.'J) 

310. 

• 

111. 

311.1 

311.11 

* 

7.0 

7.1 

311.17 

7.2 

311.13 

7.3 

311.1* 

7.* 

311.13 

7.3 

311.3 


311.31 

3. 1.5. 3 

311.31 

311.4 

311. *1 

311 *7 

3.7 

5. 1.5.3 

5.7 


Descript Ion/ Sped flea t ton 


LAND AS? TAND FIGHTS 


STR’TTyprS A y~ :y7prr.TV£NTS Total Account 311. 


1 "proveiert s *° Ftte 


Site Preparation and 
J-proveaent* 


Slta Utilities 
Roads and Pull roads 


Yard and Plant Fire 
Protection, Fences and 
Cate a 

Water Treatment Ponds 


Main (Turbine -Gene rat or) 
Building 


Total Subdivision 311.1 

Soil testing, clearing and 
grubbing, rough grading, finish 
grading, landscaping 

Store and sanitary sewers, non- 
process service water 

Railroad spur, roads, walks and 
pa. g -reas 


Earthwork, pond lining, off- 
site pipeline 

Total Subdivision 311.3 


Excavation, substructure, de- 
watering and piling. Including 
excavation and substructure 
for transalssion plant switch- 
yard 

Building structure and services 

Total Subdivision 311.4 

Excavation, substructure, de- 
watering and piling 

Enclosure structure and aer- 



terlal Coats 


Balance 
of Plant 


13 . 155.560 12 , 3 ' 4 , 7,0 


1 . 64 ', 200 3,52 . 17 L 

11,600 1 . 185.810 


11.077.954 


3,176,655 1,471,235 

1,047,734 453. 


58,000 68.150 61.364 37,503 

858.400 368.010 331,366 311.555 1.867,331 

696,00 0 708.760 638.186 4C8.589 2.451.525 

23.200 1,190,440 1,080,006 460.529 2,762,176 

2,822.280 2,234,180 2,011,440 1,413.576 8,461.456 


i. 927. 520 | 5.483,320 I 4,936.960 I 3.463.560 20.817, 3*0 


See page 100 for explanation of footnotes 

























TAELE XII. - (Continued) 



See page 100 for explanation of footnotes 
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XII. - (Continued 
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age 100 for explanation of footnotes 







TABLE XII. - (Continued) 


t e r s lnVh^e Installation Indirect (Contingency Total 

of Plant Colt < 31 Cost(«) ^llowance<5) Cost 


Stack Gas Reheat System 

Torced draft fans for 
reheater air (6 reqd. f 

$241,000 ea.) 


14, , q, I Stack gas reheat air 
3 I heaters (6 re< 5 d ‘ 
$147,200 ea.) 

Flue Gas Tesulfuriration 


FGD Equipment 


Total Subdivision 312.72 

Concrete stack 
and liner; lights and 
marker painting; hoists 
and platforms; stack 
foundation 40 ft. I.D., 
500 ft. high 

Total Subdivision 312 . 73 

Operating; 545,000 cfn 
« 80° P» Total S.P. - 

3.5 in. w . q . 

Test block: 654,000 cfa 
S 1C5° P, Total S.P. • 
4.55 in. w.g. 

Motor: 650 hp 

4.5 ft. high. 21.5 ft. 
vide x 37.5 ft. long aach 


Total Subdivision 312.8 


Total Subdivision 312.81 


Wet 1 ires tone SOj scrubbers I Complete SO 2 


fee ray tower absorber) (6 

rc:d. * $1,500,099 e*. I 


Scrubber ductwork 


scrubber vessels with pre- 
saturator and mist eliminatoi 
systems. Nominally 60 ft. 
high x 40 ft. wide x 18ft. 
long, 316L stainless 
steel, neoprene lined, 3 
stages, 450,000 acfm # 

3120 f e4ch 

Flue gas duct 
outboard of electro- 
static precipitators, 
duct lining, duct 
insulation, dampers 6 
expansion joints 


1 , \»4C, ,800 

I 

1,640,410 

3,811 ,600 

393,390 

1,618,200 

189,410 

2,213,400 

203,980 

28,800, 000 

7,867,800 

24.090.000 

10.560.000 

5,245,209 
1 1,253,020 

4,054,800 

3,015,990 


4,722,912 6,793,022 40,701,734 

1,128,251 2.568,254 15,529,525 


2,715,67.1 1,957,293| 11,743,757 


See pages 100 and 101 for explanation of footnotes 


























TABLE XII. - (Continued) 



s zzax TVPsrvi: - 
og»;r pat * ano 

: AUXILIARIES 
' 

' S team Turbine And 
Auxi lieries 


Matt rial Costs (3) I 

Major Balancs linstallation indirect 
Description/Specification I Component of Plant ’ Coat jj ) Coat (4) 



! Total Account 314. 


3J.020.00C 24.941.2C0 18.7T2,50Sl 16,903.243 


I Total Subdivision 314.1 33, 020.00''! 127,000 1,790,700 1,612,392 


112,244. 337 


43.860,110 


f 620 yv e guaranteed generator 

output; taiwea conpc^r.d 4 flow 

turbine with 33. 5 in. *ast stage 
buckets ; 2 . 3" Hg afcs 3500 
psig/lC00° ? throttle stres, 
1000° F/675 prt; reheat steam, 
15.4 percent continuous 
extraction for stack gas re- 
heat ; exciter 992 I'YA generator 
9 75 psig hydrogen pressure; 
0.9 pf. Hydrogen, lube oil 
and seal oil system* , stop- 
throttle valves, cross-over 
pipmc*, insulation motors for 
auxiliaries . 

Condenser 4 Auxiliaries Total Subdivision 334.2 


.38,760 214,986 


Shells, tubes, air ejectors 
at * . i in. Hg .'abs . > , 

3.31 x 1C* sq.ft, of heat 
transfer area, 3.93x10^ pph 

Circulating Water System 1k>tal Subdivision 314.3 


Pumps, Valves, Piping 
and Structure 


Total Subdivision 413.31 


Circulating water pur*»s 6 2,000 qpm, 2250 hp, 75ft. 
and netors (3 9 $279,400) TOH each 

Circulating water - - 

valves, piping 4 

structure 


Cooling Towers 

Tower Structure 
(20 cells) 

Tower basin & circu- 


Total Subdivision 314.32 

Mechanical draft towers 
with fans and actors 

Circulating water pump pads, 
riser and concrete envelope 
ferpipe; cooling tower basin; 
circulating wa-er pipe ( I .0.* 
114 in. ) 6 valv* s: eitc. steel 
6 f i rc f-rotott ron. 246,000 g;x» 


5,473,700 2 , 163,763. 1.948,307 

889,000 44.7681 40,310 


889,000 44,768 40,310 


Included in Subdivision 314. 


4,584,700 2,118,995 1,907.997 1,722,338 10,334,031 


775 ,9701 698,703 


1,752,600 1,343,025 1,209,294 


See page 100 for explanation of footnotes 


5,165.903 












xplanation of footnotes 














k See page 100 fo 

















TABLE XII. - (Concluded) 
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pages 100 and 101 for explanation of footnotes 

























NOTES TO TABLE XII 


(!) Based on ECAS report tables 15 and 16 (Ref. 7). 

(2) Identification numbers consisting of letters and numerals refer 
to table 15 of the ECAS report, reproduced in Appendix C, pages 
178 to 180, for reference. Identification numbers consisting 
of numerals only refer to table 16 of the ECAS report, repro- 
duced in Appendix C pages 181 to 187, for reference. References 
to other ECAS report tables are as indicated. The letter (M) 
following an identification number (s) indicates that the des- 
cription/specification of the item in that subdivision is modi- 
fied relative to that in the ECAS reference plant (see also 
table V) . 

(3) Escalated from the mid-1975 value listed in table XXXII using 
the account specific escalation factor listed in table XXV except 
for the major component and balance-of -plant costs in FERC Account 
Subdivisions 312.7 and 312.8, which were determined from a manu- 
facturer’s verbal budget cost estimate. 

(4) S^c Note 3. 

(5) ‘ased on the 20 percent contingency rate included in the ECAS 
report (Ref. 7, page 44). 

U> ) The costs of the buildings, structures and excavations listed in 
Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are cal- 
culated using the estimated percentages of the sum of the costs 
of Items 5.1, 5.2 and 5.3 of Ref. 7, table 16 listed in Appendix 
C, page 199, table XXX, escalated to mid-1978 dollars using the 
account specific factors for Accounts 311. and 312., where appro- 
priate, listed in table XXV. Note that the same table applies to 
both the 250° and 175° F (394° and 353° K) reheat cases. 

(7) The separate balance-of-plant materials costs for the feedwater 
booster (2) and main feedwater (3) pumps are estimated from the 
combined balance-of-plant materials cost of these five pumps 
($3,220,000), listed in Ref. 7, table 16, as follows: The com- 

bined equipment cost of the pumps $3,070,000 ((2) ($125,000) 

+ (3) ($940,000)) is subtracted from the combined balance-of-plant 
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NOTES TO TABLE XII (Concluded) 

materials cost and the remainder ($150,000) divided by the total 
horsepower of the five pumps (45,500 hp) resulting in $3.30/hp. 

This cost per horsepower is then multiplied by the horsepower of 
the two feedwater booster pumps, for example, to give $25,410 
(7700 hp x $3 . 30/hp) and the equipment cost of the two pumps, 

$250,000, added to the product to give $275,410. This figure is 
then escalated to mid-1978 dollars ($341,500) using the 1.24 factor 
for FERC Account 312. listed in table XXV. Similarly the cost of 
the main feedwater pumps is estimated as $2,944,740 (i.e., ($3.30/hp) 
x (38,700 hp) + 3 ($940 ,000) ) , which is escalated to $3,651,500. 

(8) The separate balance-of-plant materials costs for the stack gas 

reheat system forced draft fans and reheat air heaters are esti- 
mated from the combined $3,090,000 balance-of-plant materials cost 
listed in Ref. 7, table 16, as follows: The combined equipment 

cost of the fans and heaters, $2,880,000 (6x$200,000 + 6x$280,000), 
is subtracted from the combined balance-of-plant materials cost. 

The remainder, $210,000, is divided equally between the fans and 
heaters, and one $105,000 part is added to the equipment cost of 
the fans and the other to the equipment cost of the heaters to give 
$1,305,000 and $1,785,000 for the respective balance-of-plant 
materials costs cf each. These values are escalated to mid-1978 
dollars ($1,618,200 and $2,213,400, respectively) using the 1.24 
factor for FERC Account 312. listed in table XXV. 

(9) Includes the 20 percent contingency in Note 5 applied to the 15 
percent A/E services and fee rate employed in the ECAS report 
(Ref. 7, page 44) to account for the change in the order of apply- 
ing the contingency and A/E services and fee rates in this study 
compared to the ECAS study. 

(10) Based on the guidelines specified by NASA for the ECAS study (Ref. 4). 

(11) The sum of the Plant Capital Cost and Escalation and Interest During 
Construction divided by (1.065) 5,5 to de-escalate the Total Plant 
Capital Cost in Jan. 1984 at the completion of the 5.5 year con- 
struction period to mid-1978. 
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UCn A!fD U9VD pic*:* | 

STP U CT U I E S A!**D D*F*OVtrtirrS I Total Account 311. 


Total SuVdlvl.loo 311.1 


1.647 ,2uG I 1.5)0.170 


1.671.205 I 10.027.2)0 


Site Preparation and 

Isprovesent • 


Soil totting, clearing and 
grubbing, rough grading, finish 
grading, landscaping 


11.600 I 1.165.810 


451.029 I 2.7)8.172 


Sits Utilities 


toads and tat l roods 


Yard aod Plant Firs 
Protection, Psocss end 
Cat so 


Storn and sanitary severs, non- 
process service water 

tall road spur, rosds, walks and 
parking areas 


17.501 I 225.017 


311. 555 I 1.963.3)1 


4^8.599 I 2.451.535 


Veter Treatment Ponds 


Earthwork, pond lining, off- 
site pipeline 


23.200 I 1.199.440 


460.529 I 2,76). *76 


Main CTurbloe -Cenerator) Total Subdivision )11.3 

full dlng 


2.022.290 I 2,2)4.160 


1,411.576 I 9.491.456 


Eacavatlon, substructure, de- 
watering and piling. Including 
eacavatlon and substructure 
for transulaslon plant switch- 
7«< 


• Building structure and services 

Generator Building Total Subdivision 111.4 


6 , 727,520 I 5.491,320 


3.469 560 I 20.917.360 


Eacavatlon, oubat rwctwrc, de- 
watering and piling 

Enclosure structure and ear- 


See page 116 for explanation of footnotes 
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TABLE XIII. - (Continued) 
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See page 116 for explanation of footnotes 
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See paqe 116 for explanation of footnotes 
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TABLE XIII. - (Continued) 


rue 

Account 

Number 

ECAS 

Report 

Ident. 

Nols^PL 

Account/Subd 1 vision 

. , (3) 

Material Costa 

Installation 
Cost (l) 

Indirect 
Cost ( 4 ) 

99 

Total 

Cost 

Title 

Dear rlptlon/Speclf lea t Ion 

Major 

Component 

Balance 

of Plant 

312. 5 


Auxiliary Boiler System 

Optional (not Included) 


- 

- 

- 

- 

- 

_ 

112.6 


Other Boiler Plant Systems 

Total Subdivision 312.6 


- 

n, 742, 200 

349,680 

314,861 

1,881,340 

11,288,089 

312.61 


Condensate and Feedwater 

Total Subdivision 312.61 


. 

8,742,200 

349,680 

314,801 

1,881,349 

11,288,089 



System 










1.3. 

Main condensate pumps 6 

Vertical centerline, 510* 


- 

810,800 

72,850 

65,596 

193,849 

1,163,095 


r -4 

motors 12 req i. # SI 1 7 ,800 

gpm, 750 hp motor, 410 










ea.) 

ft. TDM (Other pumps and 











drivers not listed elscwhore) 










7,300 gpn, IBSOhp, 1510 ft. 

TDH 


341,500 

29,140 

26,238 

79,376 

476.254 


r-s (7) 

and motors (2 reqd . t 











$155, 000 ea . ) 










i i. (T , 

Main boiler feed pumps 

4900 grx, 12,fC0 hp, 



3,651 , 50' 

116,560 

104,954 

774,603 

4,646,617 


r -6 171 

and turbine drives 

8300 ft. TDH 










(1 reqd. 8 51,16!»,600ee.| 










r -2 

Boiler feedwater piping 

- 



Inclu< 

led in Subdlv 

slon 114.41 




3.3. 


Ml ace 1 laneoua heater a and 



3,918,400 

131,130 

118,073 

833,521 

5,001,123 


r-3 


exchangers i tanka and vessel,; 










and the following low presaure 










(4) , intermediate pressure 

(i) 










and deaerating feedwater ( 1 ) 










heaters t 











Shell 

Tube 

Plow 

Beat 







Press. /Temp. 

Press ./Temp. 

100 percent transfer use 







psla/° F 

psia/o f 

lb /hr 

sq.ft. 







LP91 5/163 

210/158 

4.75x10* 

17,170 







LPI2 11/195 

210/190 

4.75x10* 

16,260 







LP93 20/228 

210/223 

4.75x10* 

16,600 







LPI4 67/300 

210/295 

4.75x10* 

22,710 







IP 296/416 

1040/415 

6 . 22 x 10 * 

45,660 







KF 745/510 

3700/519 

6.27x10* 

49,700 







Dm 6.22xl0 6 ll>/hr • 35 

30 F 


1 




ii}. '.j 

- 

Mater Treatment System 




; Included in Subd 

.v&slon 111 . 

i 


3)2.7 

- 

Effluent Control 

Total Subdivision 312.7 


10 ,000,000 

2,926,400 

2,855,720 

2,571,363 

3,670,697 

22,024,160 


*See page 116 for explanation of footnotes 















TABLE XIII. - (Continued) 



L16 and 117 for explanation of footnotes 







Installation Indirect Contingency Total 

Cost (j) Cost(«) »i lowa-nce (5) Cost 



lurry storage < 
lurry transfer 















m _c±<*r mo ft) . f 25 


Title 




5.5 


3 ! ? . § 1 3 . 16 . 


J Scrubber lyium lar^e 
piping 


Fc/uniat ions er.d 
Structure! 


Lise .Kanufectux ii.g 
S**ten 


Llseeton* harvillng 
syste* excavations, 
four^Ia 1 1 on * , con- 
veyors, etc. 


*See page 116 for explanation of footnotes 

















lutw lil Co»t» 
M«)or Bal«nc« 

Co»*f*c,n»nt of Plant 


Install*' ton 
Coat (3) 


314. $ I 3.13 


ACCC SSC *r CL gC TPIC 
EfrJl?*£HT 

Station an Aujrilia 


C-3 4 Qnit Auailiary Trans- 
ferors (2 rtqd.) 


I Startup Transfornar 


£.2l ( 23 Aollar Auxiliary Trans- 
forrars (2 reqd.) 


£-25. 26 Scrubber Transformers 
(2 raqd.? 

Miscellaneous Motor a 


315.3 | 4.) I Switchgear 4 Motor 



Total Subdivision 314.5 

Vatar trest- 

t 4 cherlcal Inac- 
tion, air covpreasors 
4 auxiliaries; fuel 
oil ha-411rg systea. 
ignition 4 warmpi 
screenvell; ml sc. 

plsr.z a gu 1 S-tic r. t 4 

so tor a # 4 equipment lnsul. 

Total Account 315. 

Total Subdivision 31S.1 

Station service and 
st • r t up tr ar.sforaers ; 
service tr ar.sfornera for 
boilar and scrubbar sys- 
Uss) generator rain 
bus as follows* 

40/54/67 KVA. 65° C.0A/FA/F0A 
FOA, 24/13.8 kV, 3-phasa. 

60 Rs 

28/37.5/4 7 KVA, OA/FA/PCA, 
500/13.0 kV, 65 r r, 3 -phase 
60 Ba 

5500 kVA. 0A, 65° C, 13-8/ 
4.16 kV, 3-phase, 60Hx 


5000 kVA. GA. 65® C, 13.8/ 
4.16 kV, 3-phase , 60 Mm 


Total Subdivision 315.3 

Switchgear, 
switchyard 4 load 
cantors; motor control 
cer.tars; local control 
stations; distribution 
panala, ralay 4 no tar 
boards 4 tha follow- 
ing transformers: 



♦See page 116 for explanation of footnotes 
















►See page 116 for explanation of footnotes 
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TABLE XIII 


(Concluded ) 











NOTES TO TABLE XIII 


(1) Based on ECAS report tables 27 and 28 (Ref. 7). 

(2) Identification numbers consisting of letters and numerals refer 
to table 27 of the ECAS report, reproduced in Appendix C pages 
188 to 191, for reference. Identification numbers consisting of 
numerals only refer to table 28 of the ECAS report, reproduced 
in Appendix C pages 192 to 198, for reference. References to 
other ECAS report tables are as indicated. The letter (M) follow- 
ing an identification number (s) indicates that the description/ 
specification of the item in that subdivision is modified relative 
to that in the ECAS reference plant (see also table V) . 

(3) Escalated from the mid-1975 value listed in table XXXIII using the 
account specific escalation factor listed in table XXV except for 
the major component and balance-of-plant costs in FERC Accounts 
312.7 and 312.8, which were determined from a manufacturer's verbal 
budget cost estimate. 

(4) See Note 3. 

(5) Based on the 20 percent contingency rate included in the ECAS report 
(Ref. 7 , page 44) . 

(6) The costs of the buildings, structures and excavations listed in 
Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are calculated 
using the estimated percentages of the sum of the costs of Items 
5.1, 5.2 and 5.3 of Ref. 7, table 28 listed in Appendix C, page 199, 
table XXX, escalated to mid-1978 dollars using the account specific 
factors for Accounts 311. and 312., where aopropriate, listed in 
table XXV. Note that the same table applies to both the 250° and 
175° F (394° and 353° K) reheat cases. 

(7) The separate balance-of-plant materials costs for the feedwater 

booster (2) and main feedwater (3) pumps are estimated from the 
combined balance-of-plant materials cost of these five pumps 
($3,220,000) listed in Ref. 7, table 28, as follows: The combined 

equipment cost of the pumps $3,070,000 ((2) ($125,000) + (3) 

($940,000)) is subtracted from the combined balance-of-plant 
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NOTES TO TABLE XIII (Concluded) 


materials cost and the remainder ($150/000) divided by the total 
horsepower of the five pumps (45,500 hp) resulting in $3.30/hp. 

This cost per horsepower is then multiplied by the horsepower of 
the two feedwater booster pumps, for examile, to give $25,410 
(7700 hp x $3.30/hp) and the equipment cost of the two pum, 

$250,000, added to the product to give $275,410. This figure is 
then escalated to mid-1978 dollars ($341,500) using the 1.24 factor 
for the FERC Account 312. listed in table XXV. Similarly, the cost 
of the main ' feedwater pumps is estimated as $2,944,740 (i.e., 

( $ 3 . 30/hp ) (38,700 hp) + 3 ($940 ,000) ) , which is escalated to 

$3,651,500. 

(8) The separate balance-of-plar.t materials costs for the stack gas 

reheat system forced draft fans and reheat air heaters are esti- 
mated from the combined $900,000 balance-of-plant materials cost 
listed in Ref. 7, table 28, as follows: The combined equipment 

cost of the fans and heaters, $810,000 (b x $85,000 + $50,000), is 
subtracted from the combined balance-of-plant materials cost. The 
remainder, $90,000 is divided equally between the fans t a heaters, 
and one $45,000 part is added to the equipment cost of the fans 
and the other to the equipment cost of the heaters to give $555,000 
and $345,000 for the respective balance-of-plant material, costs 

of each. These values are escalated to mid-1978 dollars $688,200 
and $427,800, respectively) using the 1.24 factor for FERC Account 
312. listed in table XXV. 

(9) Includes the 20 percent contingency in Note 5 applied to the 15 per- 
cent A/E services and fee rate employed in the ECAS report (Ref. 7, 
page 44) to account for the change in the order of applying the 
contingency and A/E services and fee rates in this study compared 

to the ECAS study. 

(10) Based on the guidelines specified by NASA for the ECAS study (Ref. 4). 

(11) The sum of the Plant Capital Cost and Escalation and Interest During 
Construction divided by (1.065) 5,5 to de-escalate the Total Plant 
Capital Cost in Jan. 1984 at the completion of the 5.5 year con- 
struction period to mid-1978. 
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to the sum of these escalated costs to compute a new contingency 
allowance which was then added to the sum to compute the updated 
total cost of the account.. 

To calculate the A/E services and f?e, listed at the end of 
each cost estimate, an 18 percent rate was applied to the sum of 
the balance-of-plant materials, installation and indirect costs. 
Superficially, this appears to differ from the 15 percent rate 
employed in the ECAS study (Ref. 7). However, its equivalence 
becomes clear onece it is recognized that in the ECAS study, the 
20 percent contingency was applied to the combined A/E Services 
and Foe and account subtotals, whereas in this study it is applied 
only to the acco int subtotals. The A/E Services and Fee in this 
study is therefore increased by 20 percent to compensate and keep 
the tot • 1 plant costs on an equivalent basis. 


118 


8.0 COST SUMMARY COMPARISONS AND COST OF ELECTRICITY 


This section presents summary comparisons of the six detailed 
capital cost estimates included in section 7.2 and Appendix E. It 
also presents the results of a calculation of the cost of electri- 
city for each plant design and estimate year, based, in part, on 
:he totals of the capital cost estimates. 

8. 1 Modified Reference Plant Versus ECAS Reference Plant: Mid-1978 

Table XIV presents a comparison of the mid-1978 capital costs, 
presented in tables X to XIII, for both the 250° and 175° F (394° 
and 353° K) stack gas reheat temperatures. Each of the FERC account 
costs as of mid-1978, except for those of the electrostatic pre- 
cipitator and sulfur dioxide scrubber, which were obtained by a 
verbal cost estimate from a pollution control equipment manufacturer, 
is computed in a straightforward manner from the corresponding costs 
as of mid-1975 by the method discussed in section 7.2 That is, a 
separate escalation factor, listed in table XXV, calculated from the 
Handy-Whitman Index of Public Utility Construction Costs (Ref. 9), 
is applied to each FERC account. To calculate the A/E services and 
fee, an 18 percent rate is applied to the sum of all the balance-of- 
plant materials, installation and indirect costs that make up the 
FERC accounts. On the surface, this appears to differ from the 15 
percent rate employed in the ECAS study (Ref. 7). However, as dis- 
cussed in section 7.2, it is actually equivalent to the ECAS rate 
increased by 20 percent to account for the reversed order of apply- 
ing the contingency rate in this study compared with that used in 
the ECAS study. 

It is apparei.* from table XIV that for each reheat temperature, 
the corresponding modified and ECAS reference plants have essentially 
the same total cost. This may appear surprising at first, since the 
modified plant is designed to comply with the more stringent EPA 
June 1979 New Source Performance Standards and is therefore expected 
to include moie expensive pollution control components. However, 
offsetting incremental costs are present. 
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TABLE XIV. - MODIFIED AND ECAS REFERENCE CONVENTIONAL 
FURNACE COAL-FIRED POWER PLANTS WITH WET S0 2 
SCRUBBERS COMPARISON OF CAPITAL COST ESTIMATE SUMMARIES 

(10 3 $ Rounded) 




Modified 
Reference Plant 

ECX5 

Reference Plant 

FERC 


Stack Gas Reheat Temperature, 
° F (° K) 

Acct 

No. 

Account Title 

mm 

mm 

mm 

4 

<15J> 

310. 

LAND AND LAND RIGHTS 

— 

NO 

— 
t Include 

— 
d in Stud 

y 

311. 

STRUCTURES 6 IMPROVEMENTS 

43,846 

43,84' 

43,846 

43,846 

312. 

314. 

BOILER PLANT 

STEAM TURBINE-GENERATOR AND 

237,876 

227,318 

237,495 

226,901 


AUXILIARIES 

112,244 

115,599 

11.:, 244 

115,599 

315. 

316. 

ACCESSORY ELECTRIC EQUIPMENT 
MISCELLANEOUS POWER PLANT 

50,864 


50,864 

50,864 


EQU I PMENT 

453 


453 

453 

350. 

TRANSMISSION PLANT 

2,911 


2.911 

2,911 

i 

1 

Total of Accounts 310. to 350. 

448,194 

440,991 

447,813 

440,574 


A/E Home Office and Fee 8 18 
Percent of Halance-of-Plant 
Materials, Installation and 
Indirect Costs. (Includes a 
20 percent contingency consis- 
tent with the continqency ap- 
plied to the tottl plc.nt cost 
in the ECAS Report (Ref. 7)). 

50,618 

49,366 

50,968 

49,731 


Plant Capital Cost 

498,812 


498,801 

490,305 


Escalation and Interest During 
Construction 54.8 Percent 

(5.5 yr. constr. per 6.5 per- 
cent escalation rate, 10 per- 
cent interest rate) (5) 

273,349 

. 


273,343 

268,687 


Total Plant Capital Coet in 
January 1984 Dollars 

772,161 

759,072 

772,144 

758,992 


Total Plant Capital Cost De- 
escalated to Mid-1978 (6) 

546,116 

536,859 

546,104 

536,802 




(1) Rased on the components and costs listed in tables XXVI and XXVII. 
See table XII for cost details. 

(2) Bused on the components and costs listed in taller XXVIII and XXIX. 
See table XIII for cost details. 

(3) Based on the components and costs listed in tables XXVI and XXVII. 
See table X for cost details. 

(4) Based or the components and costs listed in tables XXVIII and XXIX. 
See table XI for cost details. 

(5) Based on the guidelines specified in the ECAS Study (Ref. 4). 

(*») Plant Capital Cost and Escalation and Interest During Construction 
divided by (1.065) 1 2 3 4 5 * 5 to de-escalate the Total Plant Capital Cos. 

in Jan. 1984 at the completion of the 5.5 year construction period 
to mid-1978. 
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In the modified plant, in contrast to the ECAS plant, on-site 
lime production is omitted reducing the estimated plant installed 
equipment cost by $7,639,065 (see tables V and X to XIII, FERC 
Account Subdivision No. 312.83). On <“he other hand, more efficient 
electrostatic precipitator and sulfur dioxide scrubber systems are 
included (see tables X to XIII, FERC Account Subdivision Nos. 312.71 
and 312.81) increasing the plant installed equipment costs by 
$7,706,881, for the 250° F (394° K) reheat temperature case (i.e., 
$2,848,801 for the electrostatic precipitator and $4,858,080 for 
the sulfur dioxide scrubber), and $7,741,921, for the 175° F (353° K) 
reheat temperature case (i.e., $2,848,801 for the electrostatic pre- 
cipitator and $4,893,120 for the sulfur dioxide scrubber). After 
including $313,920 in the modified plant, for both reheat tempera- 
tures, to account for the increased cost of the foundations and 
structures required for the larger scrubber and associated auxili- 
aries, the cost of the modified plant is only about $381,816 more 
than the ECAS plant, for the 250° F (394° K) reheat temperature 
case, and $416,856, for the 175° F (353° K) reheat temperature case. 

Adding the A/E home office and fee, and escalation and interest 
during construction, the total capital cost of the modified plant is 
calculated to be $772,161 compared to $772,144, for the 250° F 
(394° K) reheat temperature case, and $759,072 compared to $758,992 
for the 175° F (353° K) reheac temperature case. Considering these 
two comparisons further, it is seen that their respective parts are 
within 17 percent of one another. To within the accuracy of this 
study, therefore, they may be considered to be equal. 

Lastly, it may be noted that by reducing the stack gas reheat 
temperature, an estimated $13 million reduction in total plant 
capital cost results. This, as discussed in section 8.3, leads 
to a significant reduction in the cost of electricity. 

8. 2 ECAS Reference Plant Capital Costs; Mid-1978 Versus Mid-1975 

Table XV presents a comparison of the updated mid-1978 capital 
costs of the ECAS reference plant listed in tables X and XI, res- 
pectively, with the mid-1975 capital costs, listed in tables XXXII 
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TABLE XV. - ECAS REFERENCE CONVENTIONAL FURNACE COAI.-FIRED 
POWER PLANT WITH WET SO 2 SCRUBBER COMPARISON OF CAPITAL 
COST ESTIMATE SUMMARIES AS OF MID-1978 AND MID-1975 

(10 3 $ Rounded) 


FERC 

Aect 

No. 


Stack Gas Reheat Temperature, 
0 F (° K) 


Account Title 


LAND AND LAND RIGHTS 


Not Included in "«-udy 


j 311 . 

STRUCTURES AND IMPROVEMENTS 

37,798 

37,798 

43,846 

43,846 

31 r. 

BOILER PLANT 

191,528 

182,985 

237,495 

226,901 

314. 

1 

STEAM TURBINE-GENERATOR AND 
AUXILIARIES 

88,381 

91,023 

112,244 

115,599 

i 315. 

ACCESSORY ELECTRIC EQUIPMENT 

41,353 

41,353 

50,864 

50,864 

1 3 1 . 

i 

MISCELLANEOUS POWER PLANT 
EQU 1 PMENT 

363 

363 

453 

453 

350. 

TRANSMISSION PLANT 

2,531 

2,531 

2,911 

2,911 

1 

Total of Accounts 310. to 350. 

361,954 

356,052 

447,813 

440,574 


A E Horn. Office and Fee 0 18 

Percent of Ralance-of-Plant 

Materials, Installation and 

redirect Costs. (Includes a ' 1 

20 percent contingency consis- ! 

tent with the contingency ap- I 

plied to the total plant cost I 

1 , t lie ECAS Report (Ref. 7)). 1 

Plant Capital Cost in Dollars 1 403,308 396,387 498,801 , 490,305 

Escalation and Interest During 
Construction 0 54.8 Percent 
(5.5 yr . constr. per 6.5 per- 
cent escalation rate, 10 per- 
cent interest rate) (5) I 


Total Plant Capital Cost in 
Dollars of the Year of 
Construction Completion 


624,321 613,607 1772,144 758,992 


Based on the components and costs listed in tables XXVI and XXVII. 
See table XXXII for details. 

Based on the components and co3ts listed in tables XXVIII and XXIX. 
See table XXXTII for details. 

Based on the components and costs listed in tables XXVI and XXVII 
See table X for escalated cost details. 

Based on the components and costs listed in tables XXVIII and XXIX. 
See table XI for escalated cost details. 

Based on the guidelines specified in the ECAS Study (Ret. 4) 
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and XXXIII. Both the 250° and 175° F (394° and 353° K) stack gas 
reheat cases are included. Tables XXXII and XXXIII list the same 
costs as those presorted in the ECAS study (Ref. 7), changed in 
format to meet the requirements of this study. 

From table XV, the total plant capital costs, as of mid-1978, 
are seen to be $772,144,000, for the 250° F (394° K) reheat tem- 
perature i se, and $758,992,000, for the 175° F (353° K) reheat 
temperature case. Similarly, the total plant capital costs, as 
of mid-1975 , are seen to be $624,321,000 for the 250° F (394° K) 
reheat temperature case, and $613,607,000, for the 175° F (353° K) 
reheat temperature case. 

Calculating the ratios of the corresponding total plant capital 
costs as of mid-1978 and mid-1975, the escalation of the total 
plant capital cost is 23.7 percent for both reheat temperature 
cases and the 3-year period considered in this study. Effectively, 
this amounts to an escalation of about 7.3 percent per year. 

8 . 3 Cost of Electricity 

Table XVI presents a comparison of the levelized costs of 
electricity of the four plant designs and two estimate years con- 
sidered in this study. Listed in the upper part of the table are 
the plant specific parameters which are used in the relationship 
discussed in section 3.4, to calculate the cost components of the 
levelized cost of electricity which are listed in the lower part 
of the table. For reference, the total plant costs for all cases, 
expressed in $/kWe (net), are also included. 

The last two columns of the table list the parameters and the 
cost of electricity, as of mid-1975, of the two ECAS reference 
plant reheat temperature cases (Ref. 7). Due to the fact that 
levelization of the fuel and operation and maintenance costs was 
not employed in the ECAS study, the costs of electricity listed in 
table XVI for these cases, 53.1 mills/kWh (250° F (394° K) reheat) 
and 4^.6 mills/kWh (175° F (353° K) reheat), differ significantly 
from those listed in tables 21 and 31 of the ECAS study (Ref. 7), 
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1 


f 

TABLE WI. - C°ST OF ELECTRICITY COMPARISON (1) 



Modified 

Reference 

Plant 

ECAS 

Reference 

Plant 

Stack Gas Reheat Temperature, ° F 

( u K) 

250 (394) 

175 ( 353 ) 

250 ( 394 ) 

175 (353) 

Total Plant Capital Cost ^ 





De-escalated to mid-1978 (10 $) 

546.1 

536.9 

546.1 

536.8 

$/kW e (net) 

731 

675 

731 

675 

Net Plant Power Power Output 





(at 100 percent operation ) (MW) 

/ 47 . 2 

795.5 

747.2 

795.5 

Overall Plant Efficiency (percent) 

32.3 

34.3 

31.8 

33.8 

Cost of Electricity Components 





(mi lls/kWh) ( 2 ) : 





Capital 

23.1 

21.3 

23.1 

21.3 

Fuel 

22.2 

20.9 

22.6 

21.2 

Operation and maintenance (3) 

6.6 

6.4 

6.6 

6.4 

Cost of Electricity (mills/kWh) 

51.9 

48.6 

52.3 

48.9 


1. Based on the total capital c' . cs listed in tables X to XIII, XXXII and XXXIII; net plant 

power outputs listed in table VI and Ref. 7, tables 21 and 31; overall plant efficiencies 

listed in table VIII and Ref. 7, tables 21 and 31; and the cost of electricity components 

listed in Ref. 7, tables 21 and 31. 

2. Based on 18 percent fixed charge rate, 65 percent capacity factor, $1.05/1G 6 Btu fuel cost 
($1.00/10 6 Btu for mid-1975 ECAS reference plant), 2.004 levelizing factor for fuel and 
operation and maintenance costs, and the mathematical relationship presented in section 3.5. 

3. Escalated at 8.5 percent per year from the mid-1975 ECAS study value. 






39.8 mills/kWh (250° F (394° K) reheat) and 37.0 mills/kWh (175° F 
(353° K) reheat) . 

Comparing the cost of electricity for each of the reheat cases 
as of mid-1978, the modified reference plant values are seen to be 
lower: 61.5 mills/kWh compared to 61.9 mills/kWh, for the 250° F 

(394° K) reheat temperature case, and 57.5 mills/kWh compared to 

57.8 mills/kWh, for the 175° F (353° K) reheat temperature case. 
This results principally from the deletion of on-site lime pro- 
duction from the modified plant. Deleting on-site lime production 
results in an increase of about 0.5 percent in the overall plant 
efficiency, due to not requiring energy to operate the calciner, 
and consequent reduction in fuel cost, due to more efficient opera- 
tion. It also reduces the operation and maintenance costs. How- 
ever, since this reduction is offset by an increase in the amount 
of limestone and limestone handling required for the wet limestone 
sulfur dioxide scrubber, the effect of deleting on-site lime pro- 
duction on plant operation and maintenance is not included. 
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Appendix A 

Technical Assessments 

This appendix contains the text of the five technical assess- 
ments on which the modification of the ECAS reference plant is 
based. The subjects covered include 

1. Sulfur Dioxide Scrubber System Design 

2. On-site Calcination Process Versus Purchased Lime 

3. Reheat of Stack Gas: Method-Selection Preference 

4. Effect of Sulfur Dioxide Scrubber on Particulate EJnissions 

5. Control of Nitrogen Oxides 

Each of the assessments was carried out in sufficient detail 
to define the impact of its subject matter on the ECAS plant design 
and the changes necessary to permit the ECAS plant to meet the June 
1979 New Source Performance Standards. 
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A1.0 S02 SCRUBBER SYSTEM DESIGN 

The ECAS scrubber system (Ref. Al) was designed fpr 90 percent 
reduction of SO^ emissions for a coal containing 4.5 percent (by wt) 
sulfur. However, the Illinois No. 6 coal analysis, on which the 
remainder of the study is based, shows 3.9 percent (by wt) sulfur, 
and the Illinois No. 6 coal analysis, on which the more recent 
Engineering Test Facility (ETF) study (Ref. A2) is based# shows 3.3 
percent (by wt) sulfur. 

Question: Should the design sulfur content margin be retained 

or modified? If modified, what value should be used? 

Al . 1 Summary and Conclusions 

The relevant parameter upon which the design of a sulfur emis- 
sion control system is based is "lb SC^/million Btu" heat input. 
Therefore, the percent sulfur for any coal must be related to the 
corresponding heating value of that coal to determine the removal 
efficiency required to meet established pollution standards. The 
ECAS Study indicates only the design sulfur content for the scrubber 
design without specifying the relevant EPA design parameter of lb 
S0 2 /10 6 Btu heat input. 

It is recommended that the scrubber specification be defined 
based on potential emissions of 8.3 lbs SC> 2 per million Btu of heat 
input which corresponds to a coal having a design sulfur content of 
4.5 percent sulfur and a design heat content of 10,788 Btu/lb. The 
scrubber will be designed for a sulfur dioxide removal efficiency of 
90 percent which is the value required to meet the 1979 NSPS standards 
for this level of potential emissions. It is also anticipated that 
this efficiency will be acceptable to the cognizant regulatory 
aqencies as the Best Available Control Technology (BACT) and there- 
fore is acceptable as the flue gas desulfurization (FGD) system 
design efficiency. It is concluded that the selection of 4.5 per- 
cent sulfur for the design of the scrubber in the ECAS study was 
reasonable and conservative. 
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It is also recommended that the Reference Plant be capable of 
burning both the ECAS and ETF coals with ranges of properties in 
accordance with usual power plant practice, i.e., equipment should 
be capable of operating satisfactorily with any coal having character- 
istics within specified ranges even though performance guarantees are 
for only one coal with each characteristic having one specific value. 

Al . 2 Discussion 

Table XVII lists the characteristics of the Illinois No. 6 
coals used in the ECAS and ETF Studies. These coals are repre- 
sentative of coals which are currently being mined in Illinois 
iRef. A3). For example, the ECAS coal corresponds closely to one 
being mined in Macoupin County, whose properties are listed in 
tab) e XV T I 1 , while the ETF coal closely corresponds to one being 
mined in Ferry County, whose properties are listed in table XIX. 

During 1976, about 3,300,000 tons of coal were extracted from the 
mines in Macoupin County, while 11,400,000 tons were extracted from 
the mines in Perry County (Ref. A3). Since 1882, these counties 
have produced about 280,700,000 tons and 318,600,000 tons respec- 
tively (Ref. A3). Therefore, on the basis of availability there 
is no overriding reason to prefer either of these coals for study 
purposes . 

In addition, utilities do not usually limit themselves to a 
single source of supply. Common practice is to provide for more 
than one source of fuel to assure a fuel supply in case of a dis- 
ruption of the supply from its primary source and to provide a 
secure fuel supply over the life of the plant. Assuming that the 
costs of the two coals are comparable, a typical utility would 
probably arrange for a backup alternate fuel source. It is there- 
fore recommended that the reference plant be capable of burning 
both the ECAS and ETF fuels. 

The proximate and ultimate analyses used in the ECAS and ETF 
studies (table XVII) do not indicate any ranges for the composition 
normally encountered in an actual coal supply. Although it is not 
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TABLE XVII. - ANALYSES OF ILLINOIS NO. 6 BITUMINOUS 
COALS AND ASH EMPLOYED IN PREVIOUS STUDIES 


feCAS Try 


ETF (2)~ 


Proximate Analysis (A» Received), 
percent (wt) 

Moisture 
Volatile matter 
Fixed carbon 
Ash 

Ultimate Analysis (As Received ) , 
percent (wO 

Sulfur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Higher Heat Value (As Received) , 

Btu/lb 

Coal Rank 

Ash Analysis, percent (wt) 

Si0 2 

Al 2°3 

Fe 2°3 

Ti0 2 

P 2°5 

CaO 

MgO 

Na 2 0 

k 2 o 

SO, 

3 O _ 

Initial Deformation Temp. , F 

(° K) 

Softening Temp., F ( K) 


Fluid Temp. , ° F (° K) 


Grindability H.G.I. 
Average 


13.0 

36.7 

40.7 
9.6 


3.9 

5.9 
59.6 

1.0 

20.0 

9.6 

10788 

HVCB 


46.6 

19.3 

20.8 

0.8 

0.24 

7.7 
0.9 
0.2 

1.7 
2.4 

1990-2130 

(1361-1439) 

1979 

(1355) 

2090-2440 

(1416-1611) 

52-56 

55 


8.9 

38.0 

41.7 

11.4 


3.3 

5.4 
62.4 

1.2 

16.3 

11.4 

11265 

HVCB 


41.4 t 5.4 

19.3 t 6.8 

22.3 t 6.8 
0.9 
0.12 

5.4 ♦ 3.3 


1.7 

0.6 

2.1 

7.5 


1.3 

0.2 

0.4 

0.6 


1960 ♦ 

70 

(1344 ± 

39) 

2030 t 

70 

(1383 t 

39) 

2260 t 

200 

(1511 i 

111) 

Not Reported 
Not Reported 


1. As listed in the "Energy Conversion Alternatives Study," 

February 1976. (Ref. A6) . 

2. As listed in the "Engineering Test Facility Conceptual Design, 
Avco Everett Research Lab., Inc., June 1978. (Ref. A2) 
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TABLE XIX. - PERRY COUNTY (WEST OF DUQUOIN ANTICLINE) MIN.. AVERAGES OF 

PROXIMATE AND ULTIMATE ANALYSES (1) 


Proximate Analysis ''percent vt) 

M l r.e | 

Index I Volatile i Fixed i 

, Moisture ' Matter ■ Carbon Ash 


fi 


5 ( 10. I 


*V*v . .2 


i 10.5 

.2 


Ultimate Analysis (percent vt) 


Sulfur Hydrogen i Carbon I Uitro 




5.4 

62.2 

0 1 

O.fc 


HV 

Heat Value 
(Btu/ib) 


I Potential 
! Emissions 


11300 


11290 

11290 


112 10 


2 3C 


11160 


As listed in references A4 and AS for samples as received. Each entry is a composite of measure 
ments for 2 to 6 samples. Data from Bureau of Nines Technical Paper 641 are Incorporated. 

Assuming measured quantities are distributed in a statistically normal manner. 

2 x percent S 

lb so-j/io*’ Btu = 

























so stated, it is assured that the values used are averages for 
many samples. This is consistent with the coal analyses of actual 
samples presented in tables XVIII and XIX. Tables XVIII and XIX 
indicate, however, that, for any one constituent of a series of 
samples from a mine, there is a ranqe of values above and below 
the mean value of the constituent. For example, the twelve coal 
samples from Macoupin County have a mean sulfur content of 4.0 
percent (table XVIII) and a standard deviation of 0.3 percent. 

The thirteen coal samples from Perry County have a mean sulfur 
content of 3.4 percent (table XIX) and a standard deviation of 
0.6 percent. Similarly, based on the sulfur content and heat 
values of the individual samples tested, the lb SO^ per million 
Btu heat input, derived from the sample sulfur concentrations and 
heat values, is calculated to have a standard deviation of 0.7 
percent, based on the Macoupin County samples, and 1.2 percent, 
based on the Perry County samples. 

The air quality control requlatory agencies usually require 
that emissions from a power plant not exceed the approved maximum 
over a specified period, such as a 30-day rolling average. In 
addition, this maximum must not be exceeded with the worst fuel 
likely to be fired. In general, the design value for potential 
emissions will be one to two standard deviations higher than the 
mean value depending on the degree of conservatism required. Thus, 
if a value of the S'^ per million Btu heat input is selected which 
is a little qreater than one standard deviation larger than the 
mean, there is about 85 percent confidence (b’.ed on a one-sided 
tolerance interval) thr* all _he coal received during the life of 
the plant from the mines will have an SO^ per million Btu value 
less than this design value, assuming a statistically normal dis- 
tribution around the mean value. Based on a comparison with the 
Macoupin County samples, the design SO^ per million Btu value 
selected in the KCAS study appears to be about 1.14 standard 
deviations higher than the mean, within the acceptable range. 

The design SO^ potential emission quantity may be reduced by 
the amount of sulfur retained in the ash collected within the 
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steam generator and particulate collection equipment. Some sulfur 
in the coal is retained with the bottom ash and some of the SC >2 
generated reacts with the alkaline constituents in the fly and 
bottom ash. EPA document AP42 (Ref. A7) provides guidelines for 
estimating the retention of sulfur in the ash. For this application, 
a reduction of about five percent in the SO 2 potential emission level 
can be derived from the AP42 guidelines. Since this reduction does 
not change the required removal efficiency of the flue gas desul- 
furization system, it is recommended that no credit be taken for 
this rc votion, which will provide a degree of conservatism in 
meeting emisrion limits. 

Table XX lists the selected properties of the two Illinois No. 6 
coals used in the present study. It incorporates the recommendations 
of the foregoing paragraphs; i.e., ranges of properties rather than 
single values. The primary coal corresponds to that used in the ECAS 
study and the alternate coal to that used in the ETF study. For 
both coals, standard deviations are included for each constituent 
for use in the study where variations from the mean are significant. 
To determine the standard deviations without a set of analyses it 
has been assumed that the standard deviations are the same percent- 
ages of the mean values as those listed for the corresponding items 
in tables XVIII and XIX. The standard deviations for the components 
of the ash analysis are the same percentages of the mean values as 
those listed for the ETF coal in table XVII. For completeness, 
standard deviations are listed for Ti0 2 and P 2 ° 5 ' ^ ased on an average 
of the percentages the means (34 percent) of the other ash analy- 
sis constituents of the ETF coal. The TiC >2 and P 2 < ^ 5 / however, do 
not significantly affect the plant design. 

Applying table XX, in conjunction with the foregoing considera- 
tions, to the ECAS and ETF coals, and selecting a design sulfur 
content of 4.5 percent (two standard deviations above the mean for 
both coals) and an average heat value of 10,788 Btu/lb (the mean of 
the ECAS coal and about four standard deviations below the mean of 
the ETF coal), the design potential SC >2 emissions are 8.3 lbs SC >2 
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TABLE XX. - SELECTED PROPERTIES OF ILLINOIS NO. 6 
BITUMINOUS COALS USED IN PRESENT STUDY 


I’t ox un.U e Ana l ysis 
( A: • Korol vi\i) , perce nt (yt ) 


Moist in o 
Vol.it i lo M.it tot 
Fixed I'.iil'on 
Ash 


Primary Co al (1 ) 

(Percent 

Moan St «.t. Dev. of Mean) (31 


| l 1 .0 
j lo . 7 
I 40.7 


( 8 . 2 ) 
(4 .8) 
(4.8) 


A1 1 o niato Coal (7) 

(Percent 

Mean Stdd Pev^ °J Mean) ( 4 ) 


( 12 ) 

( 1 . 0 ) 
(7.1) 
( 10 ) 


0 1 1 i mat o Ana lys is 

(As Koocivo.l) , percent ^wt) 

Sn 1 1 in 
Hydronen 
I'artuMi 
Ni l i o.jou 


iliilhoi Heat Value 
(As Keeeived) , l»‘. u/lb 
roal Hank 

Ash Analysis, percen t (wt ) 


\1 .n' 1 
IV s' . 


io im 


| .’0.8 
0.8 


initial lv t orm.it ion - u >u 

Tem|'.. ° F (° K) <1347,1 

sottonini Temp., ° F (° k) I't/o 

( 135S) 

Fluid Temp., 0 K ( 0 K) 

( 1 ^ 14 ) 

1 i tv Hill. K 


Fluid Temp., 0 F (** K) 


Hr indat'i 1 i t y H . U. I 


( 7 . S ) 

(1.7) 

(7.0) 
(!.*>) 

( 8 . 0 ) 

(4.7) 

(.' . 0 ) 


i,.l lit) 

n .8 1 IS) 

«..) (10) 

0.1 (14) 

0.1 (14) 

4.7 (ni) 

0.7 ( 7l>) 

0.1 (ID 

0.1 (l'») 

0..' (8.0) 

70 (1«) (1.4) 

88(38) (1.4) 

171 ( 47 ) ( 7 . 7 ) 

2 (3.7) 



41.4 
10. i 1 
l 

0 .'1 
0.17 
S .4 
l .7 
0 .i> 

.’ . 1 

7. . 

1880 

(1344) 

70 10 

(i3*n) 

2260 

(1511) 

54 


70(34) 

70(34) 


200(111) 


(18) 

( l .4) 
( 1 . 0 ) 
(17) 
(S . 8 ) 
( 10 ) 

(1.7) 


( 1 U 

( IS) 

( 10) 

( 14) 

( 14) 

( 8 1 ) 

( 7b) 

( ' 1) 
(I’M 
( 8 . 0 ) 


(8.8) 


’‘See pit 140 137 for explanation of footnotes 



NOTES TO TABLE XX 


(1) Corresponds to that used in the ECAS study (Ref. A6). 

(2) Corresponds to that used in the ETF study (Ref. A2) . 

(3) Percent of mean = (Std. Deviation f mean) x 100. For the proxi- 
mate and ultimate analyses# each value is the same percent of the 
mean as that listed for the corresponding constituent in table 
XVIII. For the ash analysis, each value is the same percent of 
the mean as that computed from the values listed for the ETF coal 
in table XVII. For the Ti0 2 and P 2 ° 5 » an average percent of the 
mean of 34 percent is assumed. The deformation, softening and 
fluid temperature values are from the ECAS study (table XVII). 

(4) For the proximate and ultimate analyses, each value is the same 
percent of the mean as that listed for the corresponding constituent 
in table XIX. For the ash analysis, Ti0 2 and P 2 °5 va ^ ues » the 

same comments as in Note 3 apply. The deformation, softening and 
fluid temperature values are from the ETF study (table XVII). 

(5) Assumed equal to the qrindability of the primary coal. 
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per million Btu of heat input. This design sulfur content is the 
same as the design value specified in the ECAS study, and corres- 
ponds to the Macoupin County coals within 1.14 standard deviations 
of the mean value (table XVIII). 

Under the June 1979 NSPS regulations, an SC^ removal efficiency 
of not less than 90 percent is required for the design coals. A 90 
percent removal efficiency reduces the maximum expected emissions 
from the stack to 0.83 lbs SO^/million Btu. As this is lower than 
the 1.2 lbs per million Btu limit set by the standards, it will 
probably also be accepted by the EPA as meeting the Best Available 
Control Technology (BACT) regulatory requirements. 


138 


A2.0 ON-SITE CALCINATION PROCESS VERSUS PURCHASED LIME 


Overall SO_ emissions from the ECAS power plant were determined 
* 6 

to be 0.86 lb/10 Btu heat input or an 88 percent reduction of the 
uncontrolled emissions. This includes steam boiler emissions of 
0.747 lb/10 6 Btu (an 89 percent reduction), and the uncontrolled 
emission of 7.23 lb/10 6 Btu heat input from the coal burned for the 
on-site calcination process. 

Question t Should the on-site calcination process be retained 
oi should the purchase of lime be considered? 

A2.1 Summary and Conclusions 

It is concluded that neither on-site calcination, which is 
included in the ECAS study, nor the purchase of lime need be 
included in the reference plant design. Instead, direct utiliza- 
tion of limestone should be adopted. Lime is the preferred or 
required absorbent in dry scrubbing and systems where very high 
removal efficiencies are required. However, limestone systems in 
operation have demonstrated efficiencies of 90 percent and higher 
with high sulfur coals. Direct utilization of limestone is eco- 
nomically more attractive than utilization of lime in most cases 
where both absorbents can be used. Utility preference for lime- 
stone systems over lime systems supports this selection. About 77 
percent of the new SO^ scrubbing capacity planned in the United 
States is reported to use limestone (Ref. A10) . 

A2 . 2 Discussion 

The question posed in the assessment task assumes that the 

plant SO- emission includes "the uncontrolled emission of 7.23 lb 
6 ^ 

SO 2 /10 Btu heat input from the coal burned for the on-site cal- 
cination process." However, overall SC> 2 emissions are not affected 
by on-site calcination in a direct-fired rotary kiln such as that 
included in the ECAS study (Ref. Al) . The coal fuel is burned in 
the presence of the lime product which effectively captures any 
sulfur dioxide produced. Figure 10 schematically illustrates a 
typical fuel feed and burner configuration for a direct-fired 
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Hot lime product 


Exhaust qas 
part iculato 
scrubber 



combustion 

gases 


Figure 10. - Schematic Representation of a General Coal-Fired 
Rotary Kiln Illustrating the Fuel-Burner Arrangement (Ref. A8). 


rotary kiln. It indicates that the coal combustion gases pass 
directly over the hot lime product. 

Emissions from a direct-fired calciner, considered as a sepa- 
rate facility from a steam generating plant, are covered by Subpart 
l!H--Standards of Performance for Lime Manufacturing Plants — June 
1979 NSPS (Ref. A9) . That subpart limits the emission of particu- 
late matter from a calciner to 0.03 lb/ton of limestone feed, and 
the opacity of any atmospheric discharge to 10 percent. Since no 
sulfur dioxide is released, no requirement for calciner exhaust gas 
sulfur dioxide scrubbing is included in the standards. 

To provide the necessary particulate emission control, a fabric 
filter can be included to scrub the exhaust gases. This is basically 
the configuration employed in the ECAS study. Since on-site lime 
production is not included in the Reference Plant, for the reasons 
discussed in the following paragraphs, control of calciner emissions 
is not considered further. 

To determine whether to include on-site calcination or purchase 
off-site manufactured lime in the Reference Plant design, two alter- 
natives are considered: produce lime on-site or purchase lime off- 

site. Both assume SC> 2 scrubbing with lime. A third alternative is 
also possible, however - utilization of pulverized limestone directly. 
All three alternatives are schematically illustrated in figures 11a, 
lib and 11c. 
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In the first alternative, limestone is purchased from a quarry 
and delivered to a storage area at the site. As needed, the lime- 
stone is reclaimed from storage, pulverized and calcined to produce 
lime which is slaked and fed as a slurry to the sulfur dioxide 
scrubber. Wastes from the scrubber, along with other plant wastes, 
are processed and stored on-site. In the second alternative, the 
processes of limestone quarrying and calcining are carried out off- 
site by a lime manufacturer and lime is delivered to the site where 
it is stored under cover. As needed, the lime is reclaimed from 
storage and, as in the first alternative, it is slaked and fed as a 
slurry to the sulfur dioxide scrubber. Wastes from the scrubber, 
along with other plant wastes, are again processed and stored on- 
site. In the third alternative, limestone is purchased from a 
quarry and delivered to the site. As needed, the limestone is re- 
claimed from storage, pulverized and fed as a slurry to the sulfur 
dioxide scrubber. Wastfs from the scrubber, along with other plant 
wastes, are processed and stored on-site. 

To provide some insight into the comparative attractiveness of 
the alternatives, table XXI lists qualitative differences between 
the major cost components of each, using the on-site lime production 
alternative as a reference. Where costs are noted, they are based 
on values reported in the ECAS study (Ref. Al) as of mid-1975. A 
current detailed economic analysis was not possible as it was beyond 
the scope of the task. 

Item 1 compares the costs of limestone delivered to the site 
for Alternatives A, B and C. Alternatives A and C, which employ 
limestone feedstock and limestone scrubbing reagent, respectively, 
are listed as having the same cost per ton. Since Alternative B 
does not employ limestone, no cost is shown for it. As stated in 
the ECAS study, the cost of limestone delivered to the site, as of 
mid-1975, is $5/ton (Ref. Al , p. 87). 

Item 2 lists the comparative costs of the scrubbing reagent 
(lime or lime equivalent) per ton of reagent for the alternatives. 

A reference cost of about $22/ton of on-site manufactured lime is 
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TABLE XXI. - QUALITATIVE COMPARISON OF COSTS FOR LIME/LIMESTONE 
ALTERNATIVES FOR SULFUR DIOXIDE SCRUBBING SYSTEM 
BASED ON MID-1975 DATA PRESENTED IN THE ECAS STUDY (REF. Al) 


Item 

Alt. i i.i : ivi 
un-site 1 ime 
production 

Alternative B 
Purchased 
lime 

Alternative 

Limestone 

Scrubbing 

1. Cost of limestone per ton of 
limestone f.o.b. site 

base (1) 

NA (2) 

Same as base (1) 

2. Cost of scrubbing reagent 
($/ton of lime or lime 
equivalent) 

base (3) 
(lime) 

70 percent of 
baa* (4) (lime) 

45 percent of 
baae(5) (limestone) 

i. Reagent storage and 
handling 

base 

(limestone 

storage) 

about the same as 
base (lime storage) 

about the same as 
base (limestone 
storage) 

4. Limestone pulverizer 

base 

NA 

slightly greater 
than base 

5. Lime slaker 

base 

same as base 

NA 

8. Slurry tank 

base 

same as base 

slightly greater 
than base 

7. Sulfur dioxide 
set ubber 

base 

same as base 

slightly greater 
than base 

8. Waste processing and 
storage 

base 

same as base 

slightly greater 
than base 

' 'Vr- 'll) rout 

bast 

■>iightl} le.:. 
than hast" 

si uni 'icnnMv 
)<*ss than bane 


(1) $5/ ton of limestone as quoted in the ECAS study (Ref. Al, p. 87). 

(2) Not applicable/not required. 

(3) Approximately $22/ton of lime as calculated in table XXII. 

(4) $15. 50/ton of lime scaled from $5/ton of limestone by the lime/ 
limestone price ratio, 3.1, determined in table XXIII from price 
quotations during May-June 1978. 

(5) Approximately 2 tons of limestone are equivalent to 1 ton of lime 
in scrubbing capability. The cost of the lime equivalent is 
$10/ton. 


indicated for Alternative A in Note 3 of table XXI. This cost is 
calculated in table XXII, based on mid-1975 costs reported in the 
ECAS study. The calculation includes the contributions of the 
major expense items such as investment capital for the limestone 
handling equipment, and its installation, (levelized over a 30 
year life starting in mid-1975, at a 10 percent interest rate); 
cost of limestone at a nominal consumption of 1300 tons/day, 237 
days/year (assuming a plant capacity factor of 0.65); cost of coal 
for kiln firing (at $1/10 6 Btu) ; and combined cost of maintenance 
and operation, energy for auxiliaries and waste disposal (estimated 
to be 10 percent of the annual capital plus fuel costs). The total 
annual cost of the lime produced is divided by the nominal annual 
number of tons of lime produced (assuming production of 652 tons/ 
day, 234 days/year) resulting in the $22/ton figure. 

The value of the levelized capital cost in table XXII, Item 6, 
requires a brief note. The combined cost of the lime system (table 
XXII, Item 2) quoted in the ECAS study is used to calculate the 
levelized cost. The combined cost is a figure which includes the 
costs of the lime conveyor, bucket elevator, storage silos and lime 
slaker. The costs for the individual components could not be sep- 
arated. A reduced value of levelized capital cost was therefore 
computed by neglecting charges for taxes, insurance and return on 
investment to compensate for the inability to add, in a consistent 
manner, the costs of the lime conveyor, bucket elevator, storage 
silos and lime slaker to Alternative B, which also includes these 
items on-site. The reduction may amount to as much as a 40 percent 
decrease in levelized capital cost (i.e., decrease of capital 
recovery factor from 0.18 to 0.10608) and therefore as much as a 
$3. 30/ton reduction in the cost of the on-site produced lime, and 
is considered to be conservative for purposes of the present evalu- 
ation. 

The cost of lime was not reported in the ECAS study, since 
purchased lime was not considered. Therefore an approximate cost 
for lime in the mid-1975 time-frame was developed for Alternative B 
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TABLE XXII. - APPROXIMATE COST OF PRODUCING LIME 
ON-SITE, BASED ON MID-1975 DATA PRESENTED IN THE ECAS STUDY (1) 


Item 


Cost 

1. Limestone handling equipment (p. 39) (2) 

22 ,OOOMH 

$1,250,000 

2. Lime system (calciner with travelling 
gate kiln; kiln stack; coal conveyor, 
bucket elevator and storage bin for 
kiln; lime conveyor, bucket elevator 
a d storage silos; lime slaker) (p. 40) 

66 ,000MH 

3,660,000 

3. Subtotal 

88 , 000MH 

$4,910,000 

4. Direct and Indirect labor cost ($11.75 
+ $10.56 per MH) (p. 33) 


| 

1,965,000 | 

5. Total capital cost as of mid-1975 (3) 


$6,875,000 | 

6. Levelized capital cost per year (30 yr 
life, mid-1975 startup, 10 percent 
interest rate? CRF = 0.10608) 


729,300 

7. Nominal tons of limestone used per year 
(1300 tons/day, 237 days/yr) (p. 16) 

308,100 

i 

1 

8. Cost of limestone used per year @ $5/ 
ton (p. 87) 


| 

1,540,500 

9. Nominal tons of fuel used for ca Join- 
ing per year (i.74 tons/day, 237 days/ 
yr) (p. 15) 

41,238 

1 

10. Cost of fuel used for calcining per 
year 0 $21. 60/ton ($.l/10 6 Btu) (p. V) 


890,740 

11. Cost of lime produced on-site per year 
(excluding MiO, auxiliary energy and 
waste disposal) 


$3 ,160,540 

12. Approximate M&O, auxiliary energy and 
waste disposal costs 0 10 percent of 
annual capital plus fuel costs 

1 

162,000 

13. Total annualized cost of lime produced 
on-site 


$3,322,540 

14. Nominal tons of lime produced on-site 
per year (650 tons/day, 237 days/yr) 
(p. 16) 

154,050 


15. Cost per ton of lime produced on-site 
as of mid-1975 


$ 22 

(1) Reference Al. 

(2) Page numbers in parentheses refer to the 

pages in the 

ECAS study 


(Ref. Al) where the data used to derive the operating quantities/ 
costs may be found. 237 days/yr is based on a 65 percent plant 
capacity factor. 

(3) No contingency, escalation or interest during construction is 

included, since the process is well known and it is expected that 
the system can be erected within one year. 
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in table XXI by scaling the $5/ton cost for limestone, quoted in 
the ECAS study, by the ratio of lime to limestone cost developed 
from a Burns and Roe telephone survey of nine lime manufacturers 
carried out during May-June 1978. The results of the survey are 
summarized in table XXIII, where the ratio of the lime to lime- 
stone average price is calculated to be 3.1 to 1. Applying this 
ratio to the $5/ton cost of limestone results in the $15. 50/ton 
delivered cost of lime indicated in table XXI. It should be noted 
that this analysis assumes that the escalated rates for the cost 
of lime and limestone are approximately the same during the 1975- 
1978 period. That is, it is assumed that the ratio of the cost 
per ton of lime to limestone in mid-1978 dollars { $ 39 .4,0 and $13.05, 
respectively) is the same as in mid-1975 dollars ($15.50 and $5.00, 
respectively) . 

It should further bo noted, that the costs of lime and lime- 
stone vary greatly throughout the country, and are very site spe- 
cific. The costs depend not only on the transportation costs of 
shipping lime or limestone from the quarry to the user, but also 
upon the costs of producing lime or limestone at each quarry. 

The cost of the purchased lime for Alternative B is therefore 
about 70 percent of the base cost of the on-site manufactured lime 
for Alternative A. It should be noted, however, that this figure 
is based on the average value of a range of quoted prices. If the 
actual price is higher than $15. 50/ton, the cost of Alternative B 
approaches that of Alternative A. 

No lime costs are associated with Alternative C. However, the 
cost for the limestone required to provide a sulfur dioxide emission 
reduction equivalent to that produced by a ton of lime is about 
twice the per ton cost of limestone, since two tons of limestone 
are necessary to provide the same amount of calcium as in the lime. 
Therefore, the comparative cost of the limestone for Alternative C 
is noted to be about $10/ton or 45 percent of the base cost for 
Alternative A. 
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TABLE XXIII. - QUOTED PRICES FOR LIMESTONE AND LIME 
DELIVERED TO A ST . LOUIS, MISSOURI SITE 
MAY - JUNE 1978 (1) 




Quoted Price 
$ Per Ton (2a,b) 

Transportation 

Lime/Limestone 
Price Ratio 

Company 


Limestone 

Lime 

($/ton) 

j 1. Westinghouse 

Mississippi Lime Co. 

9.00-12.00 

35.00 

3.00 

3. 9-2. 9 

2. Riverview Stone 6 
Material Co. 

Florissant, MO 

6.35-6.60 

NA ( 3 ) 

3.00 

- 

3. Limestone Prod. 
Corp. 

Sparta, NJ 

27.90 

NA 

17.50 

- 

1 4. Concrete Co. of 

Springfield 

Springfield, MO 

1 0 . 25 

NA 

6.00-8.00 

- 

5. Marblehead Lime 
Co. 

Pittsburgh Crystal, 
MO 

16.00-18.00 

52 

6.00-8.00 

3.25-2.9 

6. Ash Grove Cement 
Co. 

Springfield, MO 

NA 

49 

13.35 

- 

7. Arkansas Lime Co. 

, 

Batesville, AR 

6.50(4) 

35(4) 

NA 

• 

8. Mississippi Lime 
j Co. 

St. Genevieve, MO 

li. 75-15. 25 

33-33.50 

1.75-2.25 

2. 9-2. 2 

9. Linwood Stone 
Products Co. 

Average 

Standard Deviation 

Davenport, IA 

10.50 

39.50 

2.25(5)- 

3.00(6) 

3.8 

13.05 

6.5 

39.60 

7.80 

- 

3.1 

0.6 


(1) Based on a Burns and Roe survey of producers. 
(2a) 1/8" x 0" particle size. 

(2b) Including transportation except where noted. 
(3) Not available. 


(4) Transportation cost not included. 
Omitted from averages. 

(5) Uncovered barge. 

(6) Covered barge. 





Item 3 compares the costs of on-site reagent storage. Greater 
storage and handling costs are associated with the additional pre- 
cautions associated with handling and storing the lime in Alter- 
native B. However, only about one-half the amount of lime compared 
to limestone is involved. Overall, therefore, the costs of the 
limestone and lime storage and handling systems are expected to be 
about the same, as indicated. Similarly, the storage and handling 
costs of Alternative C are anticipated to be about the same as that 
of Alternative A, although, slightly more limestone is expected to 
be required to account for the slightly lowe~ scrubbing efficiency 
of limestone compared with lime. 

Comparison of Items 1, 2 and 3 in table XXI leads to the con- 
clusion that Alternative C is significantly less costly than the 
other two. Moreover, adding the cost components of Items 4-8 is 
not expected to alter this result. The costs of the equipment, 
associated piping and waste processing and storage for Items 4-8 
of Alternative C are all estimated to be slightly greater than the 
corresponding costs for Alternatives A and B. This is due to the 
larger quantities of limestone that are required for the scrubber 
in Alternative C to achieve the same scrubbing efficiency as the 
lime processes in Alternatives A and B. However, it is estimated 
that the sum of the additional costs associated with these items 
will not be of a magnitude to overcome the 55 percent cost advantaqc 
over Alternative A or the- 25 percent cost advantage over Alternative 
D. Based on cost, Alternative C is the most attractive. 

In addition, a recent report oi. cne status of flue gas desul- 
furization in the United States (Ref. A10) states that there is an 
increasing preference in the utility industry for the utilization 
of limestone over lime. This preference has been bolstered by the 
success of limestone systems in achieving 90 percent S0 2 scrubbing 
efficiency (Ref. A10), dispelling the concern that 90 percent effi- 
ciency might not be achievable using limestone. As of the beginning 
of 1979, for example, limestone systems constituted approximately 59 
percent of the opexating scrubbing capacity, 50 percent of the capa- 
city under construction, and 77 percent of that planned. Also, 
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limestone quarries are available in most areas in the United States 
but lime manufacturing plants are less widely distributed. 

Based on the foregoing considerations, Alternatives A and B, 
using on-site manufactured lime and purchased lime, respectively, 
were dropped, and the Reference Plant designed on the basis of 
Alternative C, utilization of limestone directly. 
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A3 . 0 REHEAT OF STACK GAS : METHOD — SELECTION PREFERENCE 


In the ECAS steam plant, air, which has been indirectly heated 
with extraction steam, is blended with the combustion gas leaving 
the scrubber to reheat the gas before it enters the stack. This 
method of reheating the gas is inefficient compared to using a 
steam/flue gas heat exchanger. Using such a heat exchanger was 
rejected because of the corrosiveness of the flue gas at the tem- 
perature at which it would enter the heat exchanger. 

Ouestion: Should the indirect heating air blending method of 

stack gas reheat be retained? Reassess the reheat method including 
the possibilities of using a heat exchanger or a combination of heat 
exchanger and air blending. 

A3 . 1 Summary and Conclusions 

It is concluded that the indirect (steam-air) method of stack 
gas reheat used in the ECAS study is acceptable and should be re- 
tained in the reference plant design until more experience is gained 
with alternative methods being utilized in new installations. Two 
other alternatives recently initiated in development are waste heat 
recovery reheat and no reheat. The former provides the heat required 
for the indirect reheat method from energy in the combustion gases 
upstream of the air preheater rather than from steam. The latter 
requires no reheat energy, but does require a significantly larger 
stack compared to one with reheat. These alternatives may evolve 
into more attractive methods than the indirect method. However, 
insufficient information is available at this time on which to base 
a confident acceptance of either for the reference plant design. 

Table XXIV summarizes and compares the characteristics of the seven 
alternative stack gas reheat methods considered. The relative eco- 
nomic penalties of the energy losses associated with the different 
stack gas reheat methods are of course, important to their viability. 
The detailed study necessary to evaluate the economic penalties, how- 
ever, was beyond the scope of this assessment. 
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COMPARISON OF STACK GAS REHEAT METHOD CHARACTERISTICS 



- 


A3. 2 Discussion 


Reheat methods include: (1) In-line (direct steam-flue gas heat 

exchange), (2) Indirect (steam-air-stack gas heat exchange), (3) 
Combined indirect and in-line, (4) Direct combustion (using oil), 

(5) Flue gas bypass, (6) Waste heat recovery (combustion gas-air- 
stack qas) , and (7) No reheat (wet stack) . 

Direct combustion with oil is not in accordance with the Fuel 
Use Act and national policy to reduce the use of oil, and would be 
relatively expensive in view of the anticipated price of oil in the 
future. This method was therefore eliminated. Method 5, flue gas 
bypass, would require separate treatment of the bypass gas before 
discharge to the atmosphere. This method was therefore also elim- 
inated. Five remaining reheat options are considered consequently 
for application to the reference plant; in-line, indirect, combined 
in-line and indirect, waste heat recovery, and no reheat. 

Historically, in-line reheaters in wet SO^ scrubber systems 
have been susceptible to corrosion and solids deposition. This 
has been attributed to inefficient operation of the upstream scrubber 
mist eliminator. Developers at some test facilities have found, how- 
ever, that the corrosion problems could be controlled by employing 
more expensive high alloy materials such as 316 and 316L stainless 
steels to fabricate the reheat bundles. These materials have been 
noted to provide smoother mating surfaces, which reduce the occur- 
rence of crevices that can act as sites for build-up of the corrosive 
agents, and higher molybdenum content, which increases the resistance 
to localized pitting and crevice formation. As a consequence, in 
systems where minimization of energy usage is of prime importance 
and an in-line system is felt to be a necessity, it has been sug- 
gested that to reduce cost, the reheat system be divided into high 
alloy and carbon steel sections. The more expensive high alloy 
section would be employed just downstream of the SO 2 scrubber, where 
moisture condensation and acidic attack would be most likely to occur. 
This section would provide initial superheat of the flue gas to pre- 
vent any additional condensation further downstream where the less 
expensive carbon steel would be employed. 
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Some success with this approach has been reported, but more 
time and testing is necessary to prove its reliability under all 
conditions. Since reliability is a primary utility concern, the 
trend in the industry has been to avoid the use of in-line systems 
entirely and opt for indirect reheat. Based on this trend and the 
unresolved materials problems, use of in-line components in the 
reference plant is not recommended, and in-line reheat or a com- 
bination of in-line and indirect reheat is eliminated leaving in- 
direct, waste heat recovery, and no reheat as the remaining possible 
alternatives . 

The waste heat recovery alternative is a recent development 
which is similar to the indirect reheat alternative. It is based 
on the fact that if all or part of the reheat air energy can be 
supplied from a point in the plant cycle with heat of lower grade 
than the turbine extraction steam which is used in indirect reheat, 
more efficient plant operation will result. Based on the values 
presented in figure 2 of the ECAS study (Ref. Al , p. 6), a 350 1 F 
(450° K) (or greater) source would be required for the reference 
plant. This source would be sufficient to raise the temperature 
of the reheat air from 59° to 334° F (288° to 441° K) to provide a 
final stack qas temperature of 250° F (394° K) after mixing with 
the stack qas leaving the sulfur dioxide scrubber. 

An appropriate point in the plant cycle for the reheat air 
energy source would be just upstream of the air preheater where 
the heat in the combustion qas at 740° F (666° K) (Ref. Al , p. 11) 
could be employed. The heat would be transferred in a regenerative 
heat exchanger to minimize the effects of the corrosive components 
of the combustion gas. 

Although this technology is promising for the future, only two 
plants employing it were in the planning stage at the time of this 
study (Ref. A10) . As a result, little information was available 
with respect to its impact on the air preheater design, operation 
and cost, operating temperatures downstream of the air preheater, 
boiler efficiency, and on the overall reliability of the plant. 
Acceptance of the technology for inclusion in the reference plant 
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design could not be made with confidence. The use of waste heat 
recovery reheat was therefore, eliminated from further considera- 
tion leaving the methods of indirect and no reheat as the remain- 
ing possible alternatives. 

The no reheat alternative is another recent development. Its 
attractiveness is obvious, since it eliminates \_he need to divert 
any energy from the power cycle. No reheat, however, requires a 
significant modification of the exhaust stack configuration and 
materials compared to a stack preceded by reheat. For example, to 
prevent precipitation of acidic vapor in the atmosphere external 
to the stack, the flow entering the stack is slowed by enlarging 
the stack diameter by 20 percent. This allows the flue gas more 
time to cool and the vapor it contains more time to condense on the 
stack walls. The condensate then drains to a pool at the bottom 
where it is collected for disposal. The inner wall of the stack 
must be lined with protective acid resistant brick or resistant 
liner, which is subject to deterioration at a rate which is not 
known at present. In addition, in some cases, the height of the 
stack must be increased over that of a stack preceded by reheat 
to provide the buoyancy required for dispersion of cooler, less 
buoyant effluent gas. 

Although a few plants have been built employing no reheat, 
they have all included a provision for reheat should it become 
necessary. This is indicative of the current lack of confidence 
in the long-term reliability of the alternative. Similar to waste 
heat recovery, thouqh , the technology is promising for the future. 
However, little information is available on which to base a confi- 
dent acceptance of it for the reference design. Therefore, the use 
of no reheat was eliminated in favor of the indirect reheat alter- 
native presented in the ECAS study. 
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A 4 . 0 EFFECT OF SULFUR DIOXIDE SCRUBBER ON PARTICULATE EMISSIONS 

The ECAS report is unclear about the effect of the scrubber on 
particulate emissions. The particulate emissions figure given, 

0.092 lb/10 6 Btu heat input, appears to be the particulate level 
leaving the electrostatic precipitator (ESP) and entering the scrubber. 

(This figure may be obtained from the assumed ash removals: 25 per- 

cent of the total ash upstream of the ESP and 98.6 percent removal 
efficiency in the ESP. The 98.6 percent ESP efficiency and the final 
ash of 0.75 percent of the total given on page 7 of the ECAS report 
(Ref. Al) are inconsistent. The 0.75 percent figure corresponds to 
an ESP efficiency of 99 percent). The report states that some of 
the particulate matter remaining in the flue gas after it leaves 
the ESP will be washed out in the scrubber. A demisting spray just 
before the gas leaves the scrubber is intended to minimize carryover 
from the scrubber, but the effectiveness of the method for removing 
particulate matter is not given. 

Question: What is the effectiveness of the scrubber on partic- 

ulate emission? Examine the effectiveness in light of the more 
stringent June 1979 EPA New Source Performance Standards for partic- 
ulate emissions. 

A4 . 1 Summary and Conclusions 

The effectiveness of currently available mist eliminators is 
actively under industry study. Chevron and baffle-type configura- 
tions are increasing in popularity, but require further long-term 
testing. At the time the June 1979 NSPS were promulgated, the EPA 
indicated that they were of the opinion that the effectiveness of 
mist eliminators in removing particulates was adequate (Ref. All), 
but the data available were not conclusive. From measurements of 
liquid-only applications, the overall collection efficiency of 
chevron and baffle-type mist eliminators was estimated to be 85-90 
percent for particles 10 micrometers and larger (Ref. A13). Acid 
mist carryover (not containing particulates) was considered to be 
a problem only insofar as accurate monitoring of particulate emis- 
sions was concerned. However, acid mist carryover created by the 

j 


155 


emission of moisture and the residual SO^ and NC> x allowed by 

the June 1979 NSPS, and not currently subject to the particulate 
emissions limitation, may be restricted in the future. For example, 
the EPA has recently proposed (Ref. 14, pp. 51937-8) that a major 
emissions source (such as the reference coal-fired plant ) which 
emits more than 1 ton of sulfuric acid mist per year, the de minimis 
(or insignificant) level, be subject to EPA approval and that best 
available control technology be employed in the plant design. In 
addition, if the source exceeds the 1 jig/m"* 24-hour ground level 
sulfuric acid mist de minimis level, a detailed ambient air quality 
analysis would be required. The method of measuring the sulfuric 
acid mist emissions still remains indefinite, however. To meet 
these sulfuric acid mist restrictions, additional stages of mist 
elimination may be required to achieve the desired effectiveness. 

If this turns out to be the case, improved mist eliminator effec- 
tiveness will be achievable probably only with an accompanying in- 
crease in system pressure drop and operating and maintenance costs. 
Nevertheless, improvements in mist eliminators are expected to be 
achieved with further research, design and development. The mist 
eliminators included in this study, or modifications of them, are 
expected to provide adequate particulate and acid mist collection 
to meet the June 1979 NSPS. 

As noted in section A4.0, the second paragraph on page 7 of 
the ECAS report (Ref. Al) contains some numerical inconsistencies 
concerning particulate removal in the ECAS reference plant. In 
particular, it states that, "The electrostatic precipitator with 
an efficiency of 98.6 percent, collects another 75 percent of the 
total ash, leaving only 0.75 percent in the gas flow to the wet 
scrubbers." This statement, to be consistent with numbers pre- 
sented later in the ECAS report, should read, "The electrostatic 
precipitator, with an efficiency of 98.6 percent, collects 98.6 
percent of the remaining ash, leaving only 1.05 percent in the gas 
flow to the wet scrubbers." 
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In addition, several other numerical inconsistencies were 
detected in a few of the process diagrams and charts presented in 
the ECAS report. They were investigated so that their origins 
could be understood, their orders or magnitude determined and their 
possible impact on the design of the modified Reference Plant esti- 
mated - at least qualitatively . The impacts of the inconsistencies 
on the economics of the ECAS study and the design of the modified 
plant appeared to be small. A detailed check and evaluation of all 
the ECAS reference plant design parameters was required to ascertain 
the precise maqnitude of correcting these inconsistencies. Such a 
check and evaluation, however, was beyond the scope of this assess- 
ment. 

The June 1979 NSPS (Ref. All) states that measurements of plant 
particulate emissions to confirm compliance with the EPA particulate 
emission limit (0.03 lb/10^ Btu heat input) may be taken upstream of 
a wet SC >2 scrubber, because errors can be introduced by the inter- 
action of acid mist carryover with the available measuring equipment. 
However, this is acceptable only if particulate carryover from the 
scrubber is minimized by the use of an effective mist eliminator at 
the outlet of the scrubber. A review of the EPA standards (Ref. A12) 
that applied at the time of the ECAS study indicates that measure- 
ments for compliance testing could not be taken at a point upstream 
of the SC> 2 scrubber in the ECAS reference plant. Test measurements 
wore required at the stack, making effective particulate and mist 
elimination more critical. This problem is not addressed in the 
ECAS report . 

A 4 . 2 Discussion 

The ECAS report is unclear with regard to the expected level 
of particulate concentration at several points in the reference 
plant process flow. Confusion is created to some extent at three 
places in the report: (a) the second and third paragraphs on page 

7; (b) the specification of the waste stream values in figure 4 -- 

Conventional Stear. Plant Flow - 860 MW (page 11); and (c) the pro- 
cess flow charts associated with the Process Flow Diagram of figure 7 
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(page 15). The first iteru (a) is discussed in the following para- 
graphs, the second and third items (b) and (c) were considered in 
detail but are not discussed, since they were found not to have a 
significant effect on the results of cither the ECAS study or this 
study. There may be other inconsistencies in the ECAS reference 
plant process flows. A detailed check and evaluation of all the 
ECAS reference plant design parameters would be required to make 
certain that they do not significantly impact the investment costs 
of the reference plant. A review, to locate and resolve the incon- 
sistencies, was outside the scope of this assessment. Only the 
three inconsistent items noted before were checked. 

The second paragraph on page 7 of the ECAS study states: 

"Slag is removed from the boiler furnace beneath 
the firing zone, fly ash from a hopper just be- 
fore the air preheater. These solids represent- 
ing 15 and 10 percent of the total ash, respec- 
tively, are sluiced to the sludge pond. The 
electrostatic precipitators, with an efficiency 
of 9b. 6 percent, collect another 75 percent of 
the total ash, leaving only 0.75 percent in the 
qas flow to the wet scrubbers." 

The phrase "collect another 75 percent of the total ash, 
loavinq only 0.75 percent...," is inconsistent with the remainder 
of the paragraph. The following revised, expanded and more con- 
sistent form of the statements is recommended as being more precise 

Slag is removed from the boiler furnace beneath the firing 
zone, fly ash from a hopper just before the preheater. These 
solids, which represent 15 and 10 percent by weight (25 per- 
cent combined) of the total ash, respectively, are sluiced to 
the sludge pond. This leaves 75 percent (wt) of the total 
ash (as dust) remaining in the gas flow to the electrostatic 
precipitators. The electrostatic precipitators, with an 
efficiency of 98.6 percent, remove 98.6 percent (wt) of this 
remaining dust leaving only 1.05 percent (i.e., 0.75 x (1 - 
0.986) x 100) of the total ash in the gas flow to the SO^ 
scrubbers. (The remaining part of this paragraph extends 
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the original ECAS statements for completeness). This repre- 
sents an overall plant solid waste (bottom ash plus fly ash) 
removal efficiency of 98.95 percent (i.e., (1 - 0.0105) x 100) 
up to, but not including, the SC> 2 scrubber. Noting that the 
total ash is 9.6 percent of the coal fired (Ref. Al , p. 85), 
that the coal firing rate is 730,570 lb/hr (Ref. Al , p. 29) 
for 100 percent operation (250° F (394° K) stack temperature) , 
and th't the coal heat value is assumed to be 10,788 Btu/lb 
(Ref. Al , p. 2), the particulate loading of the gas flow enter- 
ing the S0 2 scrubber is 736 lb/hr (i.e., 730,570x0.096x0.0105), 
which is about 1.8 percent greater than the value of 723 lb/hr 
listed on page 15 (upper chart), and the relevant particulate 
emission parameter is 0.093 lb/10 6 Btu heat input (i.e., 736 x 
10 6 /(730,570 x 10,788)), which is about 1.1 percent greater 
than the value of 0.092 lb/10 6 Btu heat input listed in table 
20 (page 48) . 

As can be concluded from the ECAS report, therefore, the flow 
entering the S0 2 scrubber more than meets the ECAS study 0.1 lb/10 6 
Btu heat input particulate emission limit. 

The effect of the scrubber on the fly ash particulates referred 
to in the assessment definition is incompletely considered in the 
third paragraph on page 7 of the ECAS report. This paragraph states 
that "The remaining fly ash will be washed out of the flue gas... 

(by the scrubber)." It is a fact that additional particulate removal 
will occur to some extent in a well designed scrubber. However, for 
design purposes, the percent reduction allowable for assessing com- 
pliance with the June 1979 NSPS is subject to EPA approval. For 
example, the EPA has recently allowed credit to be taken for removal 
of 80 percent of the remaining particulates entering a wet S0 2 
scrubber for a proposed plant in Louisiana (Region VI). Whether 
this allowance will be acceptable for all regions of the country is 
not known at the present time. 

On the other hand, carryover of entrained particles of lime (or 
limestone) and calcium sulfates in the scrubber gas outlet is expected 
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to offset the f ly ash reduction. The extent to which the offset 
occurs is only indirectly referred to in the ECAS report by the 
statement that "Carryover of the slurry and lime are avoided.,. 

(with a demisting spray at the scrubber exit)." According to 
the discussion in the preamble to the June 1979 NSPS, particulate 
carryover is not expected to be a problem, as illustrated by the 
following quote, "...overall particulate matter emissions, includ- 
ing sulfate carryover, are not increased by a properly designed, 
constructed, maintained and operated FGD (flue gas desulfurization) 
system" (Ref. All, page 33585). It should be noted that the quote 
does not indicate that the particulate emissions are expected to 
be reduced overall. It also must be recognized as being based 
only on data that were available at the time the June 1979 standards 
were promulgated. At that time, few SO- scrubbing systems designed 

g • 

to meet the 0.03 lb/10 Btu heat input particulate emission limits 
were in operation. Additional long-term testing is still required. 

For design purposes, a reasonably conservative assumption for 
the particulate emissions from the wet SO^ scrubber is that they 
are not significantly affected by the scrubber. The extent to 
which this is true, however, still continues to be under study. 

The effectiveness of a wet scrubber to reduce or at least leave 
the particulate emissions unchanged depends on the effectiveness 
of the scrubber mist eliminator. 

Mist eliminators are actively under development, test and 
evaluation. Chevron and baffle-type configurations are the pre- 
dominant geometries employed in the U.S.A. (Ref. A10). It has been 
estimated, based on application of similar collectors in other 
industries, that the collection efficiencies of chevron and baffle 
collectors are 85 to 95 percent for particles 10 micrometers and 
larger. Other geometries, such as wire mesh and gull wing also 
have been tested. Alternatively , an electrostatic collection tech- 
nique has also been tried. Based on industry trends, the chevron 
and baffle-type configurations appea. to be preferred. These con- 
figurations provide simplicity and flexibility, relatively low 
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pressure drop, easy access for maintenance and appear to have ade- 
quate particulate collection efficiencies to meet the June 1979 
NSPS requirements. 

Multiple stages have been found to be required for effective 
collection efficiency in many cases. This is accompanied by a 
slight increase in pressure drop. The number of stages required 
has also been found to be process sensitive, depending on whether 
lime or limestone is employed. Lime, for example, exhibits a 
greater reactivity than limestone, has a greater utilization and 
results in fewer unreacted particles to be entrained. As a result, 
a one-stage mist eliminator may be sufficient for a scrubber employ- 
ing lime. On the other hand, a two- to three-stage mist eliminator 
may be necessary for a scrubber employing limestone. 

The overall collection efficiency of chevron and baffle-type 
mist eliminators depends on particle size distribution of the mist, 
pressure drop, gas velocity, cleanliness of surface, and liquid-to- 
gas (L/G) flow rate. As the scrubber L/G ratio increases, the 
average particle size generated in the scrubber decreases. As a 
result, the minimum velocity at which reentrai nmont occurs becomes 
lower and the overall mist eliminator collection efficiency goes 
down. Similarly, as the qas velocity through the mist eliminator 
is increased, the average particle size decreases, decreeing the 
overall collection efficiency. Thus, the greater primary collec- 
tion efficiency that might be expected to result from design for 
higher velocities (greater particle inertia) is offset by the de- 
creased collection efficiency of smaller particles. 

Historically, mist eliminators have been susceptible to cor- 
rosion. Most suppliers now recommend the use of fiberglass rein- 
forced plastics, polypropylene and corrugated plastics in place of 
stainless steels or other alloys. These nonmetallic materials aro 
relatively lightweight, not too expensive, not susceptible to cor- 
rosion, and provide adequate resistance to high temperature excur- 
sions (!«ef. A10). 
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Some investigators have stated that mist eliminators provide 
effective separation of particulates entrained in liquid droplets 
from the gas flow in the wet SC> 2 scrubber exhaust stream. However, 
because of the added complexity that solids add to the determination 
of mist eliminator efficiency, the measurement of performance of 
mist eliminators following wet SC> 2 scrubber systems has been unreli- 
able. Additional testing is needed to confirm their long-term reli- 
ability. Credit for narticulate collection by mist eliminators, 
therefore, must be taken conservatively. 

Mist eliminators also provide acid mist removal from the flow 
to some extent. However, the acid mist removal is not complete and 
affects the accuracy of the measurement of the particulates in the 
exhaust stream by the methods recommended in the June 1979 NSPS 
(Ref. All, pgs. 33608-33609). Thus, the June 1979 NSPS (Ref. All) 
states that due to these errors, compliance with the NSPS may be 
determined by measuring the particulate emissions present in the 
flow between the outlet of the particulate matter control devices 
(the electrostatic precipitator in the case of the modified refer- 
ence plant) and the inlet to the wet S0 2 scrubber. The June 1979 
NSPS further states that this location for measurement of particulate 
emissions will remain applicable until a more acceptable method than 
those currently available for measuring particulate emissions in the 
exhaust stream of a wot scrubber is developed. In light of the 
June 1979 NSPS, therefore, the observation that the particulate 
emission value listed in the ECAS report (table 20, page 48, t'or 
example) represents the emissions leaving the electropt-cic pre- 
cipitator and entering the SO, scrubber is in compliance with current 

f. 

EPA pr-ctice, although the value of ‘ .092 lb SO,/10 Btu heat input 

g • 

exceeds the 0.03 lb SO 2 /10 Btu heat input 1979 NSPS requirement by 
a considerable margin. However, based on the standards in effect 
at about the time of the ECAS study (see for example. Ref. A12, 
paragraphs 60.46(a) (3), 60.46(b), App. A - Methods 1 and 5) the 

measurement of particulate emissions should have been referred to 
the exit of the S0 2 scrubber, and not the exit of the electrostatic 
precipitator, since the recommended measurement techniques at the 


time required measurements downstream of the scrubber when the 
scrubber was located downstream of the particulate collector. 
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A 5.0 CONTROL OF NITROGEN OXIDES 


There does not seem to be any justification for the quoted 
NO^ emission level given in the ECAS report. The method of con- 
trol is stated to be staged combustion. 

Question: Is the staged combustion method of NO^ reduction 

capable of meeting the more stringent June 1979 EPA NSPS NO^ re- 
duction standard? A detailed N0 x analysis using current and pro- 
posed available control techniques will be made. 

A5 . 1 Summary and Conclusions 

Based on the information available at the time of promulgation 
of the June 1979 NSPS, and on the information that has become avail- 
able since then, methods of NO control are available to meet the 
6 * 

0.6 lb NO^/10 Btu heat input emission limit specified. These 
methods (sec, for example, Ref. All, pages 33585-7), applied sep- 
arately or in combination (where possible, include staged combustion, 
reduction of excess air, reduction of heat release rate and use of 
low-err ission burners. Staged combustion is not singled out in the 
June ll 1 79 NSPS as the primary method of NO^ control, as was done in 
the ECAS report (Ref. Al). However, in all likelihood, staged com- 
! .st ion , or a variant of it (such as turning down the fuel flow to 
upper combustor burners, increasing it to lower ones and at the same 
time increasing the airflow to upper burners), would have provided 
sufficient NO control to meet the less restrictive 0.7 lb NO /10^ 

^ X 

Btu heat input specified for the ECAS study (Ref. Al ) . It is of 
note that none of the methods of NO^ control mentioned requires any 
variation of the configuration of the ECAS reference plant to pro- 
vide compliance with the June 1979 NSPS. All variations are internal 
to the boiler furnace and, in most cases, are not expected to affect 
boiler overall performance. 

The factors on which NO^ generation depend are basically the 
fuel-bound nitrogen content, combustion temperature and availability 
of excess air (i.e., oxygen). Other than selecting =* fuel with a 
low nitrogen content, little can be done to alter the first of these 
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factors. The second and third, on the other hand, can be adjusted 
to minimize NC> x generation. 

The second factor, combustion temperature, involves control 
techniques to maintain a firing temperature below about 2800° F 
(1811° K) . Above this temeprature, thermal NO^ formation is en- 
hanced, due to more efficient reaction of the nitrogen and oxygen 
in the air alone. Among the temperature control techniques are 
two-stage combustion, removing one or more burners from service, 
increasing the combustion zone size and installing low-NO x burners. 
These methods can potentially reduce NO x formation by anywhere from 
20 to 60 percent, depending on the fuel used. In some situations, 
however, use of these techniques requires a boiler derate, so care- 
ful evaluation is necessary before their application. 

The third factor, control of excess air, has a limited effect 
on NC> x emissions. There is a practical lower limit below which com- 
bustion becomes incomplete and combustion efficiency is degraded. 

This limit is in the range of 7 to 10 percent excess air (corres- 
ponding to 1.5 to 2 percent excess oxygen) as compared to previously 
accepted power plant practice of employing 15 to 20 percent excess 
air (corresponding to 3 to 4 percent excess oxygen) for greater 
flame stability and assures completeness of combustion. In addition 
to reducing NO x emissions, reducing excess air is attractive since it 
reduces stack losses and the capacities ol the forced draft and pri- 
mary air fans and increases boiler efficiency. 

Along with the techniques that control N0 x during the combustion 
process, flue qas treatment techniques, which treat the combustion 
gases downstream of the boiler, are receiving considerable attention. 
These techniques are expected to provide the levels of N0 x reduction 
required to meet the lower emission limits expected in the future. 

A few methods are currently under development which reduce NO x emis- 
sions by injecting ammonia into the flue gas in the presence of a 
catalyst. Depending on the specific catalyst and reactant concentra- 
tions employed, NC> x emissions have been claimed to be reduced up to 
90 percent (Ref. A19) . Although these methods are highly promising, 
they are at the frontiers of combustion technology and will require 
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more evaluation and study before achieving general acceptance by 
the utility industry. 

A5 . 2 Discussion 

A5.2.1 NO Emission Limit Considerations 
x 

The June 1979 NSPS N0 x emission limit for coal combustion 
is based principally on the results of EPA testing performed with 
six electric utility boilers. These boilers were representative 
of current boiler designs and burned a variety of bituminous and 
subbi tuminous coals (Ref. All). The results of the testing indi- 
cated that the most effective techniques for NC> x control were 
staged combustion (as referred to in the ECAS report, Ref. Al), 
reduced heat release rate, and reduced excess air. Specially 
designed low-emission burners were also found to be effective in 
controlling NC> x levels. 

In addition to the experimental test program, the EPA also 
considered statements made by the major manufacturers regarding 
their ability to design equipment to meet the proposed NO^ standard. 
One manufacturer guaranteed that its new boilers would meet, with- 
out adverse side effects, the 0.6 lb NO^/10^ Btu heat input emission 
limit proposed, and two others guaranteed that their new boilers 

would not only meet the 0.6 lb NO /10^ Btu heat input limit, but 

x 0 

would also meet the more restrictive 0.45 lb NO x /10 Btu heat input 
State of New Mexico emissions limit (Ref. All). 

Furthermore, the data available at the time that the 1979 

No __ standards were initially proposed, indicated that NO emission 
x g x 

levels below 0.5 lb NO^/10 Btu heat input were achievable with a 
variety of coals burned in boilers made by the major manufacturers. 
Even lower levels were considered to be achievable by employing flue 
gas treatment — injecting ammonia into the flue gas stream in the 
presence of a catalyst. However, since ammonia injection was not 
adequately demonstrated on full-size utility boilers at the time 
of promulgation of the 1979 NSPS, it had only minimal influence on 
the NO x standards. 
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Several utilities and boiler manufacturers indicated concern 
that accelerated boiler tube corrosion might occur during low-NO^ 
operation. The severity of the corrosion was expected to vary with 
the coal sulfur content. Corrosion during the combustion of high- 
sulfur bituminous coal was expected to be particularly aggravated, 
due to the presence of the reducing atmosphere that is sometimes 
associated with low-NO^ operation. However, based on the data 
obtained during the EPA testing, indications were that tube cor- 
rosion did not significantly increase during low-NO operation. 

These results could not be considered conclusive since the testing 
was carried out over relatively short periods of time (30 days 
maximum ) , and in one case, the boiler tested was an older style 
retrofitted with experimental low-emission burners. More testing 
is expected before any definitive conclusions are made concerning 
the effect on corrosion of low-NO x operation with high sulfur coals. 

To allow for the possibility of aggravated corrosion during 

low-NO operation with high sulfur coal, the EPA specified a higher 
* 6 

NO emission limit of 0.6 lb NO /10 Btu heat input for high sulfur 

X X 

coal. Similarly, since low sulfur subbi tuminous coal was expected 
to have a smaller effect on corrosion, during low NO operation, 
the EFA set a lower emission limit of 0.5 lb NO /10 Btu heat input 
for low sulfur subbituminous coal. 

Several studies also indicated that NO^ emissions during the 
combustion of coal-derived fuels, such as liquid solvent-refined 
coal and low Btu synthetic gas, might be higher than those from 
petroleum oil or natural gas, because these coal-derived fuels have 
higher bound-nitrogen-approaching levels in coal rather than in the 
naturally occurring oil and gas. To account for this possibility, 
the EPA set the emission limit for liquid and gaseous fuels derived 
from coal at 0.5 lb NO /10 Btu heat input rather than at the 0.3 
or 0.2 lb NO x /10 Btu heat input value for the naturally occurring 
liquid and gaseous fuels. Corrosion and other boiler problems are 
expected to occur during low-NO^ operation with these fuels because 
of their low sulfur and ash contents. 
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Based on the foregoing considerations, it is evident that 
the EPA set the June 1979 NSPS N0 x emission limits at levels with 
which industry could realistically comply. Implementation of the 
means of meeting the limits in new facilities burning high sulfur 
bituminous coal, such as considered in this study, would be pro- 
vided by the boiler manufacturers and would not require any N0 x 
control components external to the boiler. 

A5.2.2 N0 x Formation and Control Technical Considerations 

To provide an understanding of the options available for 
meeting the 1979 NSPS NC> x standards, and those available for meet- 
ing possible future ones, the following discusses the various con- 
siderations involved in NO formation and control. 

x 

The formation of N0 x is dependent upon operating conditions 
and the amount of nitrogen present in the combustion process. 
Nitrogen is found in both the fuel and the air used to support the 
combustion. Air, for example is comprised of 76.85 percent (by wt) 
nitrogen. This means that for every 1 lb of oxygen required to 
support combustion, 3.32 lb of nitrogen are present. Although not 
directly involved in the combustion process, this nitrogen is a 
potential source of NC> x formation. 

To assure the complete combustion of coal, it is necessary to 
introduce the fuel into the furnace in the smallest practical size. 
This is achieved by pulverization which breaks the coal into a 
powdery consistency. In this form it is conveyed by the primary, 
or motive, air into the furnace. The combustion process which then 
takes place in the furnace can be divided into three stages 

1. Devolatilizatio n during which matter is driven from the 
coal particles in the form of gas or tar as the particles 
are heated. During this stage some of the fuel-bound 
nitrogen is released, while the remainder is retained 

in the char. 

2. Gaseous combustion during which the gaseous fuel produced 
in the devolatilization stage is burned with oxygen in 
the combustion air. This occurs providing ignition con- 
ditions are met. 
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3. Solid burn out during which the char, remaining after 
devolatilization, and the solids, resulting from the 
gaseous combustion, are oxidized. 

The fuel-bound nitrogen, oxidized during the combustion of the 
gaseous and solid components, forms nitric oxide (NO). This NO 
is further oxidized to form nitrogen dioxide (NC^). At high com- 
bustion temperatures, the normally inert nitrogen present in the 
combustion air also reacts with the oxygen in the air to form NO. 
This is generally referred to as thermal N0 x , and its formation 
becomes particularly effective at above 2800° F (1811° K) . 

NO x control in a coal-fired steam generator can be broken 
into three methods: combustion temperature control , flue gas 

treatment and operating practices . 

As already noted, NO^ formation is enhanced significantly 
when combustion temperatures are higher than 2800° F (1811° K) . 

The intent of combustion temperature control , therefore, is to 
maintain temperatures below 2800° F (1811° K) to minimize NC> x 
formation without adversely affecting the heat release rates in 
the furnace. The techniques most commonly applied to coal-fired 
steam generators to achieve this are: using two-stage combustion, 

removing one or more burners from service, increasing the combus- 
tion zone and installing specially designed low NO x burners. For 
two-stage combustion, combustion air is delivered at two points. 
The first is at the burner, where the combustion temperature is 
at its peak. The air flow is controlled to provide 90 to 95 per- 
cent of the theoretical stoichiometric requirements resulting in 
a fuel-rich mixture. Fuel-bound nitrogen is released here as 
molecular nitrogen (N^) , and partial combustion takes place. The 
second delivery point is downstream of the burner where the tem- 
perature is lower and combustion is completed. The net result is 
the reduction of NO x emissions by 30 to 50 percent (Ref. A15) . 

The two-stage combustion technique has been well tested in the 
field and has indicated that there can be essentially no boiler 
performance degradation associated with its use. 
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Similar NO reduction can be achieved by removing burners 
from service. This is basically another form of two stage combus- 
tion which is accomplished by shutting down the pulverizer supply 
to one or more of the upper level burners. Effectively, this tech- 
nique transfers additional loading to the burners left in service 
if the heat input is to remain the same. In this technique, the 
lower burners partially combust a fuel-rich mixture and the upper 
level burners provide the second stage combustion air to complete 
the process. The attractiveness of this technique is that it can 
be readily retrofitted to an existing boiler with minimal hardware 
changes. However, in many cases the lower burners cannot accommo- 
date the extra fuel flow, which results in the requirement that the 
boiler be derated perhaps 10 to 25 percent. 

Staged combustion effectively increases the combustion zone, 
as the second stage of combustion takes place in an extended region 
of the furnace increasing the flame length. This effect can also be 
achieved by spreading the burners vertically, enlarging the furnace, 
using tangentially or corner-fired designs, or using an over-fire 
air system. The over-fire air system provides for the introduction 
of up to 20 percent of the combustion air above the lowest fuel 
admission nozzles. Since extending the flame length extends the 
combustion zone to higher elevations, it may result in excessive 
steam and tube temperatures in a retrofit situation requiring addi- 
tional superheat attemperation . The over-fire system has been 
demonstrated to be capable of reducing N9 x 30 to 50 percent in 
coal-fired boilers (Ref. A15) . 

The development of low NC> x burners is about ten years old 
and may be considered to be entering an advanced stage of develop- 
ment. The design of the low-NO x burner provides a full rich atmos- 
phere for the initial combustion stage and reduces the flame turbu- 
lence to control the air/fuel mixing ratio. The EPA has sponsored 

testing of one type of low-NO burner (Ref. A16) , which is reported 

^ 6 

to have maintained NO x emissions below 0.2 lb/10 Btu in a coal- 
fired facility. Testing was with an experimental single burner 
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system operating at 105 x 10 6 Btu/hr. One manufacturer claims an 
effective 47 percent reduction in NO x emissions with the use of its 
low-NO x burner design (Ref. A17). 

The designs of these two low-NO x burners vary in detail, but 
their overall concepts are similar. A central fuel-rich zone is 
established and secondary air is injected through an annulus around 
the central zone. Tertiary air is injected from the furnace wall. 

Swirl is provided at primary and secondary feed points to control 
the length end width of the flame. In experimental tests (Ref. Al8) , 
it was found that NO emissions for three burner sizes (12, 50 and 

C X f 

100 x 10 Btu/hr) were below the equivalent of 0.2 lb/10 Btu heat 
input. This is about 67 percent less than the 1979 NSPS limit of 
0.6 lb/10 6 Btu heat input, for coal fired plants. 

With the development of the low-NO x burner, most new utility 
boilers are expected to be able to meet current NO emission standards. 
However, future more restrictive standards may require additional 
modifications or flue gas treatment external to the boiler, which is 
discussed next. It is noted that the stringent NO x emission limit 
in Japan, less than half of that permitted in the USA, has resulted 
in that country being the most advanced in flue gas treatment tech- 
nology (Ref. A19). Japan has therefore provided a primary source of 
information concerning flue gas treatment. 

Two types of flue qas (or post combustion) treatment are cur- 
rently being developed: selective catalytic reduction (SCR) and 

noncatalytic reduction. Of these two, the selective catalytic reduc- 
tion process has achieved the greatest success to date. This process 
has been developed in different forms each of which is based on the 
affinity of ammonia (NH^) to combine with NO x in the flue gas. The 
basic reactions that occur are 

4NH 3 + 4NO + 0 2 C j talyst » 4N 2 + 6H 2 0 

4NH 3 + 2N0 2 + 0 2 catalyst ^ 3N 2 + 6H 2 0. 

As approximately 95 percent of the NO x in the flue gas is in 
the form of NO, the first of these reactions predominates. The SCR 
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process requires a reactor, a catalyst and an ammonia storage and 
infection system. The additional pressure drop across the reactor 
creates the need for additional boiler fan capacity with accompany- 
ing system energy losses. The optimum temperature for the NH./NO 
reaction with no catalyst is about 1850 F (1283° K) . The catalyst, 
though, reduces this temperature to 600° to 800° F (589° to 700° K) , 
and permits the reactor to be placed between the boiler economizer 
and preheater. The catalyst used in the process is proprietary with 
metal-based oxides, titanium oxide and vanadium pentoxide being the 
most preferred. Although this process has been demonstrated to re- 
move up to 90 percent of the flue gas N0 x , it is not without problems. 
The most difficult of these include poisoning of the catalyst by flue 
gas constituents (particularly S0 x ) , plugging of the reactor with 
flue gas particles, and formation of ammonium sulfate and bisulfate, 
which are highly corrosive, and their deposition on the air preheater. 
To overcome these problems, work is in progress to determine optimum 
reactor designs (fixed and moving bed, parallel flow), develop poison 
resistant catalysts and develop methods to avoid the formation of the 
corrosive products. 

Similar to the selective catalytic reduction methods of NO 

x 

control, the non-cataly tic reduction methods are also based on the 
reaction between ammonia and NO^ to produce nitrogen and water (Refs. 
A20 and A21). The reaction is enhanced by the presence of oxygen 
within a critical temperature range. The basic reactions that occur 
are 

4NO + 4N» 3 + 0 2 - * -» 4N 2 + 6H 2 0 

4NH 3 + 50 2 » 4NO + 6H 2 0. 

The former reaction predominates r>- temperatures around 1750° F 
(1227° K) , whereas the latter one dominates around 2000° F (1366° K) . 
Below 1600° F (1144° K), the rates of both reactions drop sharply, 
and the N» 3 flows through unreacted. The point of NH 3 injection, 
therefore, has to be carefully selected, and provisions must be made 


172 


to account for temperature changes due to fuel fluctuations, load 
changes, ash deposition, etc. Multiple or mobile injection points 
and the injection of hydrogen, which has been found to lower the 
optimum temperature range, have been applied with some success. 

The most notable non-cataly tic reduction system in commercial 
use is based on the Exxon DeNC> x Process (Ref. A20) ; one system is 
installed in Japan. This system is claimed to have achieved a NO^ 
reduction of 70 percent. There have also been five test systems 
installed in the U.S.A. on 130 to 800 MWe plants firing bituminous, 
subbituminous and lignite coals (Ref. A22) . These test systems 
have indicated that with the Thermal DeNO Process alone, the June 
1979 NSPS for NO x could be complied with on all units- In combina- 
tion with combustion modifications, all but the lignite fired plant 
achieved emissions in the 0.3 to 0.4 lbs/10^ Btu heat input range, 
which represented NC> x reductions of 62 to 76 percent. 

As noted earlier, low excess air can also be used to provide 
NO x control. This is an example of control by means of modified 
operating practices . The formation of NO during the combustion 
process is dependent upon the oxygen available. In normal practice, 
the combustion air is maintained above the stoichiometric require- 
ment by about 15 to 20 percent (i.e., above the stoichiometric oxygen 
requirement by about 3 to 4 percent). Operation with less air tends 
to reduce the formation of N0 X * In addition, it produces other bene- 
ficial effects such as a reduced heat loss up the stack and fan 
horsepower. I;. older installations, there was a practical limit 
below which the excess air could not be reduced. Dropping below 
this limit caused incomplete combustion and degraded combustion effi- 
ciency. It was found that the minimum excess air limit varied for 
each installation and could be determined in the field by analyzing 
flue gas CO content as the excess air was reduced. Aa the low excess 
air limit was in the neighborhood of 1.5 percent, N0 x control by this 
effect was s^all compared to the methods previously discussed. 

In the light of the foregoing, flue gas treatment holds pro- 
mise for meeting future more restrictive NO x standards. Hcvever, it 
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introduces added complexity into plant operation and maintenance 
and affects plant reliability. Before it gains general acceptance 
by the utility industry, therefore, additional testing and evaluation 
will be required. 
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Appendix B 

Method of Cost Escalation 


Escalation of costs from the mid-1975 values presented in the 
ECAS report (Ref. Al) to the mid-1978 values presented in this 
report was carried out in a straightforward manner by applying 
appropriate escalation factors derived from the Handy-Whit-man 
Index of Public Utility Construction Costs (Ref. A23) to each 
Federal Energy Regulatory Commission (FERC) Account. Table XXV 
lists the mid-1975 and mid-1978 Handy-Whitman indices for each 
account and the associated escalation factor computed as the 
ratio of the mid-1978 value to the mid-1975 one. 

TABLE XXV. - ACCOUNT FACTORS USED TO ESCALATE THE ECAS 
REFERENCE POWER PLANT COSTS FROM MID-1975 TO 
MID-1978 FOR A PLANT LOCATED IN "MIDDLETOWN" 

IN THE NORTH CENTRAL REGION OF THE U.S.A. 



The Handy-Whitman indices are developed by Whitman, Requardt 
and Associates of Baltimore, Maryland, and include, among other 
things, the prices of basic materials such as cement, sand, gravel.. 
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pipe, wire, etc., obtained from publications such as the "Engineer- 
ing News Record (Ref. A24);" labor rates, obtained from sources 
such as the U.S. Department of Labor, contractors' associations and 
labor unions; and equipment costs obtained from nationally recog- 
nized manufacturers. 

In computing the indices, the basic proportions of materials, 
labor and equipment included are based on value analyses, design 
assignments and data fur- 'shed to Whitman, Requardt and Associates 
by utility and industr*_i sources participating in the index develop- 
ment. The data are reportedly reviewed on a regular basis and 
weightings and components are revised periodically to assure that 
the published figures reflect current contractor practices. 

To account for differing cost trends throughout the 48 con- 
tiguous states, the Handy-Whitman indices are calculated for six 
geographic regions having generally similar characteristics within 
their boundaries. The six regions are the North Atlantic, South 
Atlantic, North Central, South Central, Plateau (southwest) and 
pacific. As noted in section 3.0, the characteristic of the North 
Central region were adopted for the purposes of this study. 
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Appendix C 
Reference Tables 

This appendix contains copies of the tables on which the cost 
estimates for the ECAS and modified references plants are based. 

These tables were first published in the "Energy Conversion Alter- 
natives Study (ECAS) Conceptual Design and Implementation Assessment 
of a Utility Steam Plant With Conventional Furnace and Wet Lime 
Stack Gas Scrubbers (Ref. Al)." Table XXVI lists the balance of 
plant equipment characteristics for the 250° F (394° K) stack gas 
reheat temperature case, and table XXVII lists the corresponding 
installation and balance of plant materials costs. Similarly, table 
XXVIII lists the balance of plant equipment characteristics for the 
175° F (353° K) stack gas reheat temperature case, and table XXIX 
lists the corresponding installation and balance of plant materials 
costs . 

Also included in this appendix is the breaxdown of ECAS report 
(Ref. Al), table 16, Items 5.1, 5.2 and 5.3 into separate FERC 
Account 311. and 312. costs. This breakdown, presented in table 
XXX, is based on percentages of the combined cost of the three items 
estimated from a previous Burns and Roe study of a similar coal-fired 
plant. 
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Eqpt. 

No. 


C-13 


C-14 

C-15 


C-16 


E-l 

E-2 


TABLE XXVI. - ECAS REPORT TABLE 15 
BALANCE OF PLANT EQUIPMENT LIST 
CONVENTIONAL STEAM PLANT WITH WET LIME SCRUBBERS 
250° F EXHAUST GAS TEMPERATURE 
(REF. Al) 


Service 


Description 


C-i 

Coal Conveyor Belt 

60 

in 

wide , 

340 

ft 

long, 

o 

o 

o 

n 

tph 

C-2 

It II 

II 

•1 

II 

•I 

760 

ft 

•1 

»• 

•I 

C-3 

• 1 •• 

«• 

•I 

M 

II 

190 

ft 

•I 

ii 

M 

C-4 

•• •• 

N 

42 

in 

If 

98 0 

ft 

•• 

500 

tph 

C-5 

M M 

•I 

N 

II 

M 

540 

ft 

II 

If 

II 

C-6 

•1 •• 

II 

M 

>• 

•I 

170 

ft 

II 

M 

•I 

C-7 

M •• 

•• 

M 

Is 

•1 

110 

ft 

•I 

M 

M 

C-8 

It •• 

" (2 req’d.) 

30 

in 

II 

160 

ft 

N 

300 

tnh 

C-9 

Limestone 

Conveyor Belt 

60 

in 

M 

500 

ft 

•I 

3000 

tpn 

C-J0 

H 

Is •• 

24 

in 

•I 

630 

ft 

•I 

65 

tph 

C-ll 

M 

M M 

M 

M 

•• 

420 

ft 

• 1 

M 


C-i 2 

Limestone 

Bucket Conveyor 

•I 

• I 

M 

120 

ft 

•I 

100 tph 


Traveling Crate-Kiln 
System (Package) 


650 ton/day nominal line production 
(880 ton/day design capacity), 12 (t 
wide k 48 £t long traveling grate, 13 ft 
I.D. x 180 ft long twtary kiln with Nicas- 
type cooler. Includes coal grinding/ 
firing equipment , control panel/ instru- 
mentation, all refractories and drives, 
induced draft fan, baghouse dust collector 
and ducting. 


Coal Conveyor Belt 


Lime Bucket Conveyor 
(2 req'd.) 


18 in wide, 60 ft long, 20 tph 
24 in wide. 140 ft long, 40 tph 


Fly Ash Silos (2 req' ) 


Total Volume 833,134 ft , 80 ft dia x 
85 ft high 


2.0 Electrical S ystems 

Main Transformers (2 req'd.) 468 MVA, F0A, 65 C, 24/500 kV 


Unit Auxiliary Transformers 
(2 req’d.) 


1 


17 8 


40/54/67 MVA, 65 C, OA/FA/FOA, 
24/13.8 kV, 30, 63Hz 
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TABLE XXVI 


Continued 


Eqpt . 





No. 

Service 


Description 


E-3 

Emergency Diesel Generator 

1000 IcW, 30, 60 H: , A80 V. 0. 

3 PF 

E-A 

Start-up Transformer 


28/37. 5/A7 MVA, OA/FA/FOA, 500/13.8 kV. 




FOA, 65 C, 30, 60 Hz 


E-5 

Misccl laneous A80V 


1689 kVA, OA. 65 C, 13.8 kV/A89V/277V, 


LCC Transformers (1A rcq'd.) 

30. 60 Hz 


E-6 

Boiler Auxiliary Transformers 

5500 kVA, OA, 65 C, 13.8/A.16kV, 30, 60 Hz 


(2 rcq'd.) 




E-7 

LCC Transformers (2 

req’d. ) 

7000 kVA, OA, 65 C, 13. 8/A. 16 

i kV, 30, 60 Hz 

E-8 

Scrubber Transformers 

5,000 kVA, OA. 65 C, 13.8/A. 16 kV, 


(2 rcq'd.) 


30, 60 Hz 



3.0 Main 

Fluid Systems 


F-l 

Main Condenser 


3.31 x 10 ft of Heat Transfer Area Std. 




■aterisl . 


F-2 

Piping: 





Circulating Water 


I. D. " 11A in 



Main Steam 


I. D. ■ 15.3 in, tm “ 3.97 

in 


Boiler Feed Water 


I. D. " 26.53 in, te> - 0.675 

in 


Cold Reheat 


I. D. - 32. 5A in, tm • 1.57 

in 


Hot Reheat 


I. D.-* 18.1 in, tm ■ 2.25 

in 

F-3 

Feedwater Heaters: 

Shell 

Tube Flow 

Heat Transfer 



Press/Temp. 

Press/Tc-ap. (100T) 

Area 



psia/ F 

psia/ F lb/hr 

ft 


LP #1 

5/163 

210/158 A. 05 x 10 

1A ,330 


LP 02 

11/195 

210/190 A. 05 x 10 

13,550 


LP #3 

20/228 

210/223 A. 05 x 10 

13,720 


LF t A 

67/300 

210/295 A. 05 x 10 

18,770 


IP 

296/A 1 6 

1040/Alo 6.22 x 10 

A5.660 


H.P. 

7A5/510 

5,700/513 6.22 x 10 

A9.700 


DPT 

6.22x10 lb/hr, 0 353 F 


F-A 

Main Condensate Pumps and 

Vertical Centerline, 4250 gpm, 600 hp 


Motors (2 req'd.) 


motor, A10 ft TDK 


K-5 

Feedwater Booster Tumps A 

7,300 gpm, 3850 hp, 1510 ft 

TDK 


Motors (2 req'd.) 
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TABLE XXVI. 

- Concluded 

Eqpt. 

No. 

Service 

Description 

F-6 

Main Boiler Feed Pumps & 
Turbine Drivers (3 req'd.) 

4900 gpn , 12,600 hp, 8,300 ft TDH 

F-7 

Main Circulating Pumps and 
Motors (3 req'd. ) 

82,000 gpn, 2230 hp, 75 ft TDH 

F-8 

Cooling Towers (20 Cells) 

246,000 gpi 

F-9 

Forced Draft Fans (2 req'd.) 

o 

Operating 971,000 cfm 0 80 F, S.P. ■ 

19 in wg 0 

Teat Block 1,163,000 cfm 0 105 F, S.P. - 
24.7 in wg 
Motor 6500 hp 

F-10 

Primary Air Fans (2 req'd.) 

Operating 161,750 cfm @ 96 F, S.P. inlet 

19 in wg, S.P. outlet * 42 in wg 
Teae Block 194,000 cfm 0 121 F, S.P. inlet 
19 in vg, S.P. outlet ■ 54.6 
in vg 

Motor 2250 hp 

F-ll 

Electrostatic Prec ipicators 
(4 req'd.) 

Each 54 ft high x 92 ft wide x 44 ft long, 
1,262,000 lb, 1296 kVA, 99T particulate 
removal efficiency, 695,000 acfm 3 300°F. 

F-12 

Scrubber - Turbulent 
Contact Absorber (6 req'd.) 

Each 60 ft high x 40 ft wide x 18 ft long, 
316L-S.S., neopr?ne lined, 3 stages, 
450,000 ac fra 1 } 312^ & 13.9 psia. 

F-13 

Air Heater (6 req'd.) 

Each 4.5 ft high x 21.5 ft wide x 37.5 ft 
long . 

F-14 

Induced Draft Fans (A req'd.) 

Operating 660,000 cfm 3 300 F, Total S.P. * 
23 in wg 

Test Block 300,000 cfm J 325 F, Total S.P. * 
30 in wg 
Motor 5,000 hp 

F-l 5 

Forced Draft Fans for 
Reheater Air (6 req'd.) 

Operating 545,000 cfm Q 80 F, Total S.P. “ 
3.5 in wg 0 

Teat Block 654,000 cfm 3105 F, Total S.P. “ 
4.55 in wg 
Motor 650 hp 

F-16 

Exhaust Stack 

40 ft I.D. , 500 ft high 
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TABLE XXVII. - ECAS REPORT TABLE 16 
BALANCE OF PLANT ESTIMATE DETAIL FOR CONVENTIONAL STEAM CYCLE - 

WET GAS SCRUBBER - 250° F STACK 
(REF. Al) 


Direct Manual Balance of 
Field Labor Plant Material 

MH lOOO's S 1000's 


1.0 STEAM GENERATOR (3) 


1. 1 Steam Generator Erection 


Erect only /supply by others): 

includes heat transfer surface and pressure 544 

parts; buckstays, braces and hangers; 
fuel-burning equipment; accessories; soot and 
ash equipment; control systems; brickwork, 
refractory and insulation 


- Supply and erect: 

includes support steel and access steel for above; 296 6, 800 

miscellaneous materials and labor operations 

1.2 Steam Generator Auxiliaries 


- Erect only (supply by others): 185 

includes P.A. fans, air preheater; flues and 
ducts to precipitators; insulation lor flues 
and ducts; pulverizers, feeders and hoppers 

Supply and erect: 12 1.680 

includes F. D F ans (2 12* $390, 000 ea*); I. D. 
fans (4 @ $220, 000 ea.') 

1.3 Electrostatic Precipitators 


Erect only (supply by others): 
includes electrostatic precipitators 

Supply and erect: 

includes support sicel for precipitators 


2.0 TURBINE GENERATOR (3) 

- Install only (supply by others): 

includes 835 MWe steam turbine; generator; 
exciter; auxiliary equipment; integral steam 
and auxiliary piping; insulation; miscellaneous 
labor operations 


99 


4 

220 

1,140 

8, 700 

120 

100 


’based on suppliers' verbal budgetary quotations 
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TABLE XXVII. - Continued 


Direct Manual Balance of 
Field Labor Plant Material 


MH 1000's 


PROCESS MECHANICAL EQUIPMENT 

3.1 Boiler Feedwater Pumps (3) 

includes turbine-driven main feedwater pumps 
and drivers (3@ $940, 000 ea. *); feedwater 
booster pumps and motors (2 @ $ 125, 000 ea. *) 

3.2 Main Cite. Water Pumps (3) 

includes main circ. water pumps and motors 
(3 @$220,000 ea*) 

3.3 Other Pumps (3) 

includes condensate pumps and motors (2@ 
$85,000 ea.*); and other pumps and drivers 
not listed elsewhere 

3.4 Main Condenser* (3) 

includes shells; tubes; air ejectors 

3.5 Heaters, Exchangers, Tanks and Vessels (3) 

includes 1. p. feedwater heaters (4): i.p. feed 
water heater; h.p. feedwater heater; deaerating 
heater and storage tank; miscellaneous heaters 
and exchangers; tanks and vessels 

3.6 Stack and Accessories (3) 

includes concrete stack and liner*; lights and 
marker painting; hoists and platforms; stack 
foundation 

3.7 Turbine Hall Crane (1) 


$ 1000's 


3,220 


2, 120 


3,060 


1.570 


includes crane and accessories 

3.8 Coal Handling (2) 

includes railcar dumping equipment; dust 
collectors; primary and secondary crushing 
equipment; belt scale; sampling station; 
magnetic cleaners; mobile equipment; conveyors 
to pile; reclaiming feeders, conveyors to coal 
silos; coal silos 

*based on suppliers' verbal budgetary quotations 


5,640 
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TABLE XXVII. - Continued 


Direct Manual 
Field Labor 
MH 1000's 


3.9 Limestone Handling (3) 

includes magnetic cleaners; conveyor to lime 22 

stone pile; reclaiming feeders; belt scale; 
conveyors to calciner 

3. 10 Ash Handling (2) 

includes bottom ash system; fly ash handling 61 

system for precipitators and air preheater; 
a6h conveyors; ash storage silos (2) with feeders, 
unloaders and foundations; railcar loading 
equipment 

3.11 Coding Towers’ 11 (3) 

inclv.de s mechanical draft towers with fans and 52 

motors 

3.12 Other Mechanical Equipment (3) 

includes water treatment and chemical injection; 30 
air compressors and auxiliaries; fuel oil ignition 
and warm-up; screenwell, miscellaneous plant 
equipment; equipment insulation 

3. 13 Scrubber Ductwork (3) 207 

- includes flue gas duct outboard of electro- 
static precipitators; duct lining; duct 
insulation; dampers and expansion joints 

3. 14 Scrubber Flue Gas Equipment (3) 27 

- includes F.D. fans for flue gas reheat 
(6 @ $200, 000 ea. <■); air heaters for flue 
gas rehea (6 @$280,000 ea^j 

3. 1 5 W et Lime S02 Scrubbers (3) 86 

- includes complete S02 scrubber vessels 
with presaturator and mist eliminator 
systems (6 @$1,000, 000 ea’ : ) 

♦based on suppliers' verbal budgetary quotations 


Balance of 
Plant Material 
$ lOOO's 


1,250 


3, 580 


2,230 


1,660 


3,270 


3,090 


6,930 
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TABLE XXVII. - Continued 


Direct Manual Balance of 
Field Labor Plant Materia! 
MH lOOO'a $ loop's 


3. 1 6 Scrubber Lime System (3) 66 

- includes limestone calciner with travelling 
grate kiln ($2, 700, 000*1; Kiln stack; coal 
conveyor, bucket elevator and storage bin 
for kiln; lime conveyor, bucket elevator and 
storage silos; lime slaker ($120,000*) 

3. 17 Scrubber System Pumps (3) 10 

- includes slurry recycle (18 @.$40,000 ea*); 
mist eliminator wash (3 @$25,000 ea. *); 
slurry storage and transfer (4 @$4,000 ea*); 
slurry feed (3 @ $5, 000 ea*); pond feed tank 
(3 @ $10, 000 ea*); pond feed booster (2 @ 

$15,000 ea*); pond water recycle and 
booster (4 @$12, 500 ea*); 

3. 18 Scrubber System Tanks (3) 4 

- includes tanks and agitators for absorber effluent 

hold, pond feed, entrainment separator surge, 

slurry surge, slurry storage, slurry transfer 

785 


3,660 


1,080 


2. 180 


46,300 


4.0 ELECTRICAL (5) 

4.1 Main Transformers’ 1 ' 

4.2 Other Transformers'' and Main Bus 

- includes startup transformer, station service 
transformers including those for scrubber 
system; generator main bus 

4.3 Switchgear and Control Centers 

- includes switchgear and load centers; motor 
control centers; local control stations; dis- 
tribution panels, relay and meter boards 

4.4 Other Electrical Equipment 

- includes communications; grounding; cathodic 
and freeze protection; lighting; pre-operational 
testing 

•based on suppliers' verbal budgetary quotations 


4 2,020 

17 1,280 


42 3,400 


363 2,010 
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TABLE XXVII. - Continued 


Direct Manual Balance of 
Field Labor Plant Material 
MH 1000*5 $ 1000's 


4. 5 

Auxiliary Diesel Cenerator 

2 

110 

- 

includes diesel generator, batteries and 
associated d. c. equipment 



4. 6 

Conduit, Cable Trays, Wire and Cable 

632 

4,080 



1,060 

12, 900 

CIVIL AND STRUCTURAL 



5. 1 

Concrete Substructures and Foundations (1) 

340 

2, 800 


includes turbine and boiler building sub- 
structure; coal, limestone and ash handling 
foundations, pits and tunnels; miscellaneous 
equipment foundations; auxiliary buildings 
substructures; miscellaneous concrete 



5.2 

Superstructures (1) 

275 

7. 960 

- 

includes turbine building; auxiliary yard 
buildings, boiler enclosure 



5. 3 

Earthwork fl) 

130 

300 


includes building excavations; coal, limestone 
and ash handling excavations; circ. water 
system excavations; nnscellar' foundation 

excavations; dewatering and p'.- g 



5.4 

Cooling Tower Basin and Circ. Water System (3) 

90 

1. 380 


includes circ. water pump pads, riser and 
concrete envelope for pipe; cooling tower basin; 
circ. water pipe; cooling tower miscellaneous 
6teel and fire protection 



5. 5 

S02 Scrubber Civil and Structural (1) 

180 

3,660 

- 

includes foundations, earthwork and structures 
particular to scrubber equipment 




1,015 

16, 100 
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TABLE XXVII. Continued 


Direct Manual 
Field Labor 
MH 1000* » 


6.0 PROCESS PIPING AND INSTRUMENTATION 

6. 1 Steam and Feedwater Piping (3) 81 

* includes main steam; extraction steam; hot 

reheat; cold reheat; feedwater and condensate 
large piping, valves and fittings 

6.2 S02 Scrubber System Large Piping (3) 53 

includes make-up water; resaturation slurry 
water; mist eliminator wash; absorber slurry 
effluent tank overflow: pond feed; pond recycle 
water; lime slurry piping; recycle slurry 
piping; air heater steam supply; air heater 
condensate return 


6.3 Other Large Piping (3) 231 

- includes auxiliary steam; process water; 
auxiliary sy stt ms 

6.4 Small Piping (3) 152 

- includes all piping, valves and fittings of 2 inch 
diameter and less 

6.5 Hangers and Misc. Labor Operations (3] 420 

- includes all hangers and supports; material 
handling; scaffolding; misc. labor operations 

6.6 Pipe Insulation (3) 63 

6.7 Instrumentation and Controls (5) 220 


1,220 


7.0 YARDWORK AND MISCELLANEOUS (1) 

7. 1 Site Preparation and Improvements 87 

• includes soil testing; clearing and grubbing; 
rough grading; finish grading; landscaping 

7. 2 Site Utilities 5 

- includes storm and sanitary sewers; non- 
process service water 


186 


Balance of 
Plant Materia: 
$ 1 OOP's 

3,850 

2,630 


4,050 

1,350 

1,460 

660 

4,900 

18,900 

10 

50 
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TABLE XXVII 


Concluded 


Direct Manual Balance of 
Field Labor Plant Material 

MH lOOO's $ 1000's 


7.3 Roads and Railroads 27 

- includes railroad spur; roads, walks and 
parking areas 

7.4 Yard Fire Protection, Fences and Gates 52 

7.5 Water Treatment Ponds 88 

- includes earthwork; pond lining; offsite 
pipeline 

7.6 Lab, Machine Shop and Office Equipment 1 

260 


740 


600 

20 


280 


1.700 



187 


1 RR 


1 


EQPT. 

NO. 


C-13 


C-l 4 
C-15 
C-16 


TABLE XXVII I. - ECAS PEPOPT TABLE 27 
EQUIPMENT LIST LOR CONVENT IONAL STEAM CY^LE - 
WET SCRUBBERS, 175° F STACK 
(REF. Al) 


SERVICE 

1. Coal,! Limestone Handling Systems 


DESCRIPTION 


C-l 

Coal 

Conveyor Belt 


60 

in wide, 340 

ft 

long , 

3000 

tph 

C- 2 

m 

• 

w 


60 

in H 

760 

ft 

m 

300C 

to 

C-3 

to 

• 

to 


60 

in " 

190 

ft 

N 

3000 

to 

C 4 

• 

• 

m 


42 

in " 

980 

ft 

•• 

500 

to 

C-5 

« 

• 

• 


42 

in " 

540 

ft 

•• 

500 

to 

c-c. 

m 

m 

m 


42 

in " 

170 

ft 

to 

500 

to 

C-7 

m 

m 

m 


42 

in " 

110 

ft 

• 

500 

to 

C-8 

m 

• 

• 

(2) 

30 

in " 

160 

ft 

« 

300 

to 

C-9 

Limestone 

Conveyor 

Belt 

60 

in " 

500 

ft 

« 

3000 

to 

C-10 

m 


• 

• 

24 

in • 

630 

ft 

to 

65 

to 

C-ll 

m 


to 

m 

24 

in " 

420 

ft 

• 

65 

to 

C-l 2 

Limestone 

Bucket Conveyor 

24 

in 

120 

ft 

n 

100 

to 


Traveling Grate Kiln 
System (Package) 


Coal Conveyor Belt 
Line Bucket Conveyor (2) 
Fly Ash Silos (2) 


650 ton/day nominal lime production (880 ton/ 
day design capacity) , 12 ft wide x 48 ft long 
traveling grate, 13 ft I.D. x 180 ft long rotary 
kiln with Niems type cooler. Includes coal 
qrinding/f iring equipment, control panel/instru- 
mentation, all refractories and drives, induced 
draft fan, baghouse dust collector and ducting. 

18 in wide 60 ft long 20 tph 

24 in " 140 ft " 40 " 

Total Volume 833,184 ft 3 , 80 ft dia x 85 ft high 


(sheet 1 of 4) 


TABLE XXVIII. 


Continued 


EQPT. 

NO. 

SERVICE 

DESCRIPTIONS 


2. Electrical 

Systems 

E-1,2 

Main Transformers (2) 

468 MVA FOA 65°C, 24/500 kV 

E-3,4 

Unit Auk. Transformers (2) 

40/54/67 MVA 65°C, OA/FA/FOA, 24/13 .8 kV, 30, 60Hz 

E-5 

Emergency Diesel Cen. 

10C0 kW 30, 60 Hz, 480 V, 0.8 PF 

E-6 

Start-up Transformer 

28/37.5/47 MVA , OA/FA/FOA , 500/13 . 8 kV FOA 65°C 



30. 60 Hz 

E-7 

thru 

20 

Miscellaneous 480V 
LCC Transformers (14) 

1689 kVA, OA, 65°C, 13.8 kV/ 
480V/277V 30, 60 Hz 

E-21 
fc 22 

BLR. Aux. Transformers (2) 

5500 kVA, OA, 65°C, 13.8/4 .16kV,30, (0 Hz 

E-23 

fc 24 

LCC Transformers (2) 

7000 kVA, OA, 65°C , 13.8/4.16 kV, 30, 60 Hz 

E-25 

fc 26 

Scrubber Transformers (2) 

5,000 kVA, OA, 65°C, 13.8/4.16 KV, 30, 60 Hz 


3. Main Fluid 

Systems 

F-l 

Main Condenser 

3.97 x 10 5 ft 2 of Heat Transfer Area 

P-2 

Piping 
Circ. Water 

I. D. - 123 in 

(sheet 2 of 


TABLE XXV TIT. 


''ontinued 


FQPT 

No. SERVICE 


DESCRIPTION 


F-3 


M> in S-earr 
H F.W. 

To] 3 P. H. 

Hot R. H. 

I e.dwater Heaters 


!.P *1 
IP »2 
LP »3 

LP •« 

IP 

HP. 

DFT 



I. D. = 15.3 

in 


I. D. = 26.52 

in 


I. D. = 32.54 

in 


r-4 

a 

• 

a 

>-* 

CD 

• 

in 

Shell 

Tube 


Press/Temp 

psia/F 

Press/Temp 

psia/OF 


5/163 

210/158 


11/195 

210/190 


29/228 

210/223 


67/300 

210/295 


296/416 

1040/416 


745/510. 

5,700/519 


6. 22x10® lb/hr , 8 353°F 



tm ■ 

3. 

97 in 

tm = 

0 . 

675 

in 

tm • 

1 . 

57 in 

tm * 

2. 

25 in 

Flow 



Heat Transfer 

(1C0% 

i 

1 t 


Area 

lb/hr 


ft 2 

4.75 

X 

10* 

17,170 

4.75 

X 

10 6 

16,260 

4.75 

X 

10® 

16,600 

4.75 

X 

10 6 

22,710 

6.22 

X 

10® 

45,660 

6.22 

X 

10 6 

49.700 


F-4 

Main Cond. Pumps and 

motors 

(2) 

F-5 

F.W. Booster Pumps 6 

Motors 

(2) 

F-6 

Main Boiler Feed Pumps 6 
Turbine Drivers (3) 


F-7 

Miir. Circ. Pumps and 

Motors 

(3) 

*■-8 

Cooling 7c vers (23 Cells) 


F-9 

F . D . Fans (2) 




Vert. Cent. 5100 gpm, 750 hp motor, 410 ft TDM 
7,300 gpm, 3850 hp, 1510 ft TDH 
4900 gpm, 12,600 hp, 8,300 ft TDH 


95,000 gpm 2500 hp, 75 ft TDH 
242,058 gpm. 

Operating 971,000 cfm § 80°F, S.P. • 19 In wg 
Test Block 1,165,000 cfm §105°F, S.P. - 24.7 in wg 
Motor 6500 hp 
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TABLE XXVIII 


Concluded 


EQPT. 


No. 

SERVICE 


DESCRIPTION 

F— 10 

P.A. Fans (2) 


Operating 161,750 cfm 9 96°F, S.P. inlet in wg 

S.P. outlet ■ 42 in wg 

Test Block 194,000 cfm 9 121°F, S.P. inlet 19 in 
wg S.P. outlet « 54.6 in wg 
Motor 2250 hp 

F-ll 

Electrostatic Precipitators 

(4) 

Each 54 ft high x 92 ft wide x 44 ft long, 1,262,000 
lb, 1296 kVA, 99% particulate removal efficiency, 
695,000 acfm 9 300OF. 

F-12 

Scrubber - Turbulent 
Contact Absorber (6) 


Each 60 ft high x 40 ft wide x 18 ft long, 316L-S.S, 
neoprene lined, 3 stages, 450,000 acfm 8312°F 6 
13.9 psia. 

F-13 

Air Heaters (6) 


Each 2.5 ft high x 18.2 ft wide x 10.7 ft long. 

F-14 

I.D. Fans (4) 


Operating 660,000 cfm 9300°F, Total S.P. -23 in wg 
Test Block 800,000 cfm §325°F, Total S.P. -30 in wg 
Motor 5,000hp 

F-15 

F.D. Fans for Reheater Air 

(6) 

Operating 123,000 rfm 9 80°F, Total S.P. *3.5 in wg 
Test Block 147,000 cfm 01O5°F, Total S.P. *4.55 in wg 
Motor 150 hp 

F-16 

Exhaust Stack (1) 


27 ft I.D., 500 ft high 
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TABLE XXVIII. - Concluded 


EQPT. 


No. 

SERVICE 


DESCRIPTION 

P-10 

P.A. Fans (2) 


Operating 161,750 cfm 8 96°F, S.P. inlet in wg 

S.P. outlet ■ 42 in wg 

Test Block 194,000 cfm 8 121°F, S.P. inlet 19 in 
wg S.P. outlet » 54.6 in wg 
Motor 2250 hp 

F-ll 

Electrostatic Precipitators 

(4) 

Each 54 ft high x 92 ft wide x 44 ft long, 1,262,000 
lb, 1296 kVA, 99% particulate removal efficiency, 
695,000 acfm 8 300OF. 

F-12 

Scrubber - Turbulent 
Contact Absorber (6) 


Each 60 ft high x 40 ft wide x 18 ft long, 316L-S.S, 
neoprene lined, 3 stages, 450,000 acfm 8312°F & 

13.9 psia. 

F-13 

Air Heaters (6) 


Each 2.5 ft high x 18.2 ft wide x 10.7 ft long. 

F-14 

I.D. Fans (4) 


Operating 660,000 cfm 6300°F, Total S.P. >23 in wg 
Test Block 800,000 cfm 6325°F, Total S.P. >30 in wg 
Motor 5,000hp 

F-15 

F.D. Fans for Reheater Air 

(6) 

Operating 123,000 cfm 8 80°F, Total S.P. >3. 5 in wg 
Test Block 147,000 cfm §105°F, Total S.P. >4. 55 in wg 
Motor 150 hp 

F-16 

Exhaust Stack (1) 


27 ft I.D., 500 ft high 
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TABLE XXIX. - EC AS REPORT TABLE 28 
BALANCE OP PLANT ESTIMATE DETAIL CONVENTIONAL STEAM CYCLE - 
WET LIME STACK GAS SCRUBBER, 1750 F STACK GAS 

(REF. Al) 

j 

Direct Manual Balance of 
Field Labor Plant Material 
MH 10Q0*» S lOOO's 


1.0 STEAM GENERATOR j 

» 3 
; J 

1.1 Steam Generator Erection (3) j 

- Erect only (supply by others): 544 

includes heat transfer surface and pressure 

parts: buckstays, braces and hangers; fuel 
burning equipment; accessories; soot and 
ash equipment; control systems; brickwork; 
refractory and insulation 

- Supply and erect: 296 6,800 

includes support steel and access steel for 

above; miscellaneous materials and labor 
operations 

,i 

1.2 Steam Generator Auxiliaries (3) 

- Erect only (supply by others): 185 

includes P. A. fans; air preheater; flues and ducts 

to precipitators; insulation for flues and ducts; 
pulverizers, feeders and hoppers 

- Supply and erect: 12 1,680 

includes F.D. Fans (2 @$390,000 ea*); I.D. 

fans (4 @$220,000 ea. *) 

1.3 Electrostatic Precipitators (3) 

- Erect only (supply by others): 99 

includes electrostatic precipitators 

- Supply and erect: 4 220 

includes support steel for precipitators 


1,140 8,700 


120 100 


2.0 TURBINE GENERATORS (3) 

- Install only (supply by others): 

includes 835 MWe steam turbine; 
generator; exciter; auxiliary equipment; 
integral steam and auxiliary piping; 
insulation; miscellaneous labor operations 


•based on suppliers' verbal budgetary quotations 
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TABLE XXIX. - Continued 


Direct Manuel Balance of 
Field Labor Plant Material 
MH lOOO'a $ 1000's 

3.0 PROCESS MECHANICAL EQUIPMENT ’ ’ 

3.1 Boiler Feedwater Pump* (3) 

- Includes turbine-driven main feedwater pumps 10 3, 220 

and drivers (3 @$940,000 ea.*); feedwater 

booster pumps and motors (2 @$125,000 ea. *) 

3.2 Main Circ. Water Pumps (3) 

- includes main circ. water pumps and motors 3 750 

(3 @$235,000 ea*) 

3.3 Other Pumps (3) 

- includes condensate pumps and motors (2 @ 5 670 

$95,000 ea.*); and other pumps and drivers 

not listed elsewhere 


3.4 Main Condenser* (3) 

- includes shells; tubes; air ejectors 17 2,440 

3.5 Heaters, Exchangers, Tanks and Vessels (3) 

- includes 1. p. feedwater heaters (4): i.p. feed 9 3,160 

water heater; h. p. feedwater heater; deaerating 

heater and storage tank; miscellaneous heaters 
and exchangers; tanks and vessels 

3*6 Stack and Accessories (3) 

includes concrete stack and liner*; lights and 86 1,240 

marker painting, hoists and platforms; stack 

foundation 


3.7 Turbine Hail Crane (1) 

- includes crane and accessories 


3 


410 


i 

1 


4 

j 


j 


3.8 Coal Handling (2) 

includes railcar dumping equipment; dust 61 5,640 

collectors; primary and secondary crushing 

equipment; belt scale; sampling station; 

magnetic cleaners; mobile equipment; conveyors 

to pile; reclaiming feeders; conveyors to coal 

silos; coal silos 

*based on suppliers' verbal budgetary quotations 

(sheet 2 of 7) 
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TABLE XXIX. - Continued 


Direct Manual 
Field Labor 
MH lOOO's 

3.9 Limestone Handling (5) 

- includes magnetic cleaners; conveyor to lime 22 

stone pile: reclaiming feeders; belt scale; 
conveyors to calciner 

3. 10 Ash Handling (2) 

includes bottom ash system; fly ash handling 61 

system for precipitators and air preheater; 

ash conveyors; ash storage silos (2) with feeders, 

urloaders and foundations; railcar loading 

equipment 

3.11 Cooling Towers* (3) 

includes mechanical draft towers with fans and 60 

motors 

3. 12 Other Mechanical Equipment (3) 

- includes water treatment and chemical injection; 30 
air compressors and auxiliaries; fuel oil ignition 

and warm-up; screenwell; miscellaneous plant 
equipment; equipment insulation 


3. 1 3 Scrubber Ductwork ( 3 ) 120 

- includes flue gas duct outboard of electrostatic 
precipitators; duct lining; duct insulation; 
dampers and expansion joints 


3. 14 Scrubber Flue Gas Equipment (3) 7 

- includes F.D. fans for flue gas reheat 

(6 @$85, 000 ea. *); air heaters for flue gas 
reheat (6 @$50,000 ea.*) 

3. 1 5 Wet Lime S02 Scrubbers (3) 86 

- includes complete SOZ scrubber vessels with pre- 
saturator and mist eliminator systems (6 @ 

$1, 000. 000 ea. *) 


♦ based on suppliers' verbal budgetary quotations 


Balance of 
Plant Material 
$ lOOO's 


1.250 


3, £30 


2, 580 


1,660 


1,950 


900 


6,930 
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TABLE XXIX. - Continued 


Direct Manual 
Field Labor 
MH lOOO'a 


3. 16 Scrubber Lime System (3) 66 

• includes limestone calciner with travelling 
grate kiln ($2,700,000*); Kiln stack; coal 
conveyor, bucket elevator and storage bin 
for kiln; lime conveyor, bucket elevator and 
storage silos; lime slaker ($120,000*) . 

3. 17 Scrubber System Pumps (3) 10 

- includes slurry recycle (18 @$40,000 ea. *); mist 
eliminator wash (3 @$25,000 ea.*); slurry storage 
and transfer (4 @$4,000 ea. *); slurry feed (3 @$5,000 
ea.*); pond feed tank (3 @$10,000 ea. *); pond feed 
booster (2 @$15,000 ea.*); pond water recycle and 
booster (4 @$12, 500 ea. *) 


3. 18 Scrubber System Tanks (3) 


4 


includes tanks and agitators for absorber effluent 
hold, pond feed, entrainment separator surge, 
slurry surge, slurry storage, slurry transfer 


4.0 ELECTRICAL (5) 


660 


4. 1 Main Transformers* 4 

4. 2 Other Transformers* and Main Bus 17 

• includes startup transformer; station service 
transformers including those for scrubber 
system; generator main bus 

4. 3 Switchgear and Control Centers 42 

- includes switchgear and load centers; motor 
control centers; local control stations; dis- 
tribution panels, relay and meter boards 

4.4 Other Electrical Equipment 363 

• includes communications; grounding; cathodic 
and freeze protection; lighting; pr e-operational 
testing 


abased on suppliers' verbal budgetary quotations 


Balance of 
Plant Material 
$ 1000's 

3,660 

1,080 

2, 180 

43, 300 

2,020 

1,280 

3,400 
2 . 010 

(sheet 4 of 7) 
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TABLE XXIX. - Continued 


Direct Manual Balance of 
Field Labor Plant Material 
MH 1000's $ lOOO's 


4.5 Auxiliary Diesel Generator 2 110 

- includes diesel generator, batteries and 
associated d. c. equipment 

4.6 Conduit, Cable Trays, Wire and Cable 632 4,030 

1,060 12,900 

5.0 CIVIL AND STRUCTURAL 

5.1 Concrete Substructures and Foundations (1) 340 2,800 


- includes turbine and boiler building sub- 
structures; coal, limestone and ash handling 
foundations, pits and tunnels; misce'laneous 
equipment foundations; auxiliary buildings 
substructures; miscellaneous concrete 

5.2 Superstructures (1) 275 7,960 

- includes turbine building; auxiliary yard 
buildings; boiler enclosure 

5.3 Earthwork (1) 130 300 

- includes building excavations; coal, limestone 
and ash handling excavations; circ. water 
system excavations; miscellaneous foundation 
excavations; dewatering and piling 

5.4 Cooling Tower Basin and Circ. Water System (3) 105 1,680 

- includes circ. water pump pads, riser and 
concrete envelope for pipe; cooling tower basin; 
circ. water pipe; cooling tower miscellaneous 
steel and fire protection 

5.5 S02 Scrubber Civil and Structural (1) 180 3,660 

- includes foundations, earthwork and structures 

particular to scrubber equipment ______ _____ 

1,030 16,400 


(sheet 5 of 7) 
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TABLE XXIX. - Continued 


Direct Manual 
Field Labor 
MH 1000*1 


PROCESS PIPING AND INSTRUMENTATION 


6.1 

Steam and Feedwater Piping (3) 

81 

« 

includes main steam; extraction steam; hot 
reheat; cold reheat; feedwater and condensate 
large piping, valves and fittings 


6.2 

S02 Scrubber System Large Piping (3) 

51 


includes make-up water; resaturation slurry 
water; mist eliminator wash; absorber slurry 
effluent tank overflow; pond feed; pond recycle 
water; lime slurry piping; recycle slurry 
piping; air heater steam supply; air heater 
condensate return 


6.3 

Other Large Piping (3) 

231 

- 

includes auxiliary steam; process water; 
auxiliary systems 


6.4 

Small Piping (3) 

1 52 

- 

includes all piping, valves and fittings of 2 inch 
diameter and less 


6. 5 

Hangers and Misc. Labor Operations (3) 

419 

- 

includes all hangers and supports; material 
handling; scaffolding; misc. labor operations 


6. 6 

Pipe Insulation (3) 

62 

6.7 

Instrumentation and Controls (5) 

219 

YARDWORK AND MISCELLANEOUS (1) 

1,215 

7.1 

Site Preparation and Improvements 

87 

- 

includes soil testing; clearing and grubbing; 
rough grading; finish grading; landscaping 


7.2 

Site Utilities 

5 

- 

includes storm and sanitary sewers; non- 
process service water 



10 - 


Balance of 
Plant Material 
S lOOO's 


3, 850 
2,370 


-1,050 

1,350 

1,420 

640 

4,820 

18, 500 
10 

50 
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TABLE XXIX. - Concluded 


7. 3 Roads and Railroads 

• includes railroad spur; roads, walks and 
parking areas 

7.4 Yard Fire Protection, Fences and Cates 

7. 5 Water Treatment Ponds 

- includes earthwork; pond lining; offsite 
pipeline 

7.6 Lab, Machine Shop and Office Equipment 


Direct Manual Balance of 
Field Labor Plant Material 

MH lOOO's S 1000's 


1,700 


198 


199 


TABLE XXX. - BREAKDOWN OF EGAS REPORT (REF. Al) TABLE 16, 
ITEMS 5.1, 5.2 AND 5.3 INTO SEPARATE 
FERC ACCOUNT 311. AND 312. COSTS 
(250° F Stack Gas Reheat Temperature (1)) 

(Mid-1975 Dollars) 


1 

Included 

! m 


Estimated Per- 
cent of Combined 

Cost of Items 
5.1, 5.2, 5.3 

EGAS Report Cost Breakdown (2) 

1 

: FERC 

1 . 

Account 

Bubdivisioi 

Bui Id ing/Structure /Excavation 

f! 

Material 

Cost (S10 3 ) 

MH 

(10 3 hr ) 

Installation 
Cost <$10 3 ) 

Indirect 
Cost (S10 3 ) 

I 

< 

Combined Cost of I terns 5.1 # 5 . 2 & 5 . 3 

100 

11,060 

745 

8,754 

7,882 

‘ 311.3 

1 

Main (Turnine-Generator ) Building 

22 

2,433 

163.9 

1,926 

1,?34 

j 311.4 

' 

Steam Generator Building 

54 

5,972 

402 . 3 

4,727 

4,256 

| dl.f) 

i 

j 

Maintenance, Service, Warehouse 
ar.d Office Building 

7.5 

830 

55.9 

657 

591 

1 311.7 

i 

Other Buildings (Including 
Makeup Intake Structure) 

2 

221 

14.9 

175 

158 

j 31J .9 

On-site Waste Treatment (Includ- 
ing Water Treatment) Building 

0.5 

55 

3.7 

14 

39 

1 312.1 

1 

j 

Excavation for Coal and Limestone 
Handling and Circulating Water 

Systems 

14 

1,549 

104.3 

1,225 

1.104 


(1) Also applies to table 28 for the 175° F stack gas reheat temperature case. 

(2) Costs are rounded to thousands of dollars. 



Appendix D 


Comparison of the ECAS and Modified 
Reference Plant Design Parameters 

Table XXXI presents a comparison of the New Source Performance 
Standards in effect at the time of the ECAS study and those at the 
time of this study with the ECAS reference plant and modified refer- 
ence plant design emission parameters, respectively. 

Column 2 of the comparison lists the relevant limits applicable 
to each of the reference plants. 

It is clear from the 1979 NSPS limits listed that each of the 
FCAS limits were significantly revised downward reflecting the 
greater demands on the utility industry to reduce emissions of 
pollutants to the environment. It is also clear that the particu- 
late emissions limit received the most severe reduction by greater 
than a factor of 3, compared with ; ;he reduction of sulfur dioxide 
emissions by a factor of about 1.7, and nitrogen oxides by a factor 
of about 1.2. Of note is the absence of any reference to calciner 
emissions in the modified reference plant. This results fron; the 
deletion of on-site lime production from the modified plant for 
the reasons discussed in Appendix A, Technical Assessment A2.0. 

The calciner particulate emission limit listed for the ECAS plant 
is based on the Code of Federal Regulations, Subpart F - Standards 
of Performance for Portland Cement Plants (Ref. 3) . 

Column 3 of table II lists the design potential emissions from 
the ECAS and modified reference plants which would be released if 
no emission controls were applied. The word "design" should be 
recognized as indicating that these values are larger than mean 
(or average) operating values to provide a margin to account for 
the variability of the fuel characteristics as discussed in section 
3.3 and section Al.O. The design values listed for the ECAS plant 
are based on the parameters as they appear in various places in the 
ECAS report (Ref. Al). The corresponding values for the modified 
plant are systematically calculated from the characteristics of the 
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TABLE XXXI. - COMPARISON OF THE ECAS REFERENCE STEAM POWER PLANT EMISSION 
PARAMETERS WITH THE ECAS EMISSION LIMIT REQUIREMENTS AND THE MODIFIED 
REFERENCE STEAM POWER PLANT EMISSION PARAMETERS WITH THE JUNE 1979 
NS PS EMISSION LIMIT REQUIREMENTS 


Bniss ion/Origin 

ECAS NSPS 
Emission Limit 
Required for 
Compliance 

ECAS Reference Plant Reported Design Value 

Potential Emission (1) 

Reduced Emission 

Percent Reduction (15) | 

Required 

Provided 

Particulates 






Boiler (lb/10 6 Btu 

0.1 

6.7 (2) 

0.092 (4) 

98.5 

98.6 

heat input) 






Calciner (lb/ton of 

0.30 (5) 

16.7 (3,5) 

Unspecified (5) 

Unspecified 

limestone feed) 






S0 2 






Boiler (lb/10 6 Btu 

1.2 

8.3 

0.83 '6) 

85.5 

90. C 

heat input) 






Calciner (lb/ton of 

None ( 7 ) 

0.0 (7) 

0.0 

0.0 

0.0 

limestone feed) 






NO- 






Boiler (lb/10 Btu 

0.7 

0.75 (8) 

0.7 

6.7 

6.7 

heat input) 






Calciner (lb/ton of 

None ( 9 ) 

None 

None 

None 

None 

limestone feed) 








1979 NSPS 






Emission Limit 

Modified Reference Plant Design Value (10) 



Required for 



Percent Reduction (15) 1 

Emission 

Compliance 

Potential Emission (11 

Reduced Emission 

Required 

Provided 

Particulates 






(lb/10 6 Btu heat 

0.03 

8.7 (12) 

0.03 

99.7 

99.7 

input) 






? lb/10 6 Btu heat 

0.72 (13) 

8 3 

0.83 

90.0 

90.0 

input) 






*flb/10 6 Btu heat 

0.6 

0.75 (14) 

0.6 

20.0 

2C.0 

— 







*See pages 202 and 203 for explanation of footnotes 
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NOTES TO TABLE XXX T 


(1) Based on Illinois No. 6 coal with a 9.6 percent (wt) design 
total ash (75 percent fly ash, 25 percent collected boiler 
slag and fly ash), 4.5 percent (by wt) design sulfur content 
p.9 percent mean value), 10,788 Btu/lb design heat value. 

(2) At the entrance to the ESP. Based on coal characteristics 
Listed in Note 1 (0.096 lb total ash per lb. coal x 0.75 lb. 
flv .<sh pf V. total ash x 10 6 /10,788 Btu per lb. coal). 

i 1 ' H'/t'.r r • e t :.o feed at the entrance to the calciner bag- 
hou; . i c : eel on coal characteristics listed in Note 1 and 
Ij.f’iC ; p: ot coal fired per 119,050 pph of limestone feed 
(»<•••'*. \j , table 9, p. 29) (13,810 pph of coal x 0,096 lb. 
ti>- ki per lb. coal x 0.75 lb. fly ash per lb. total ash 

>. • • ■: Ip. per ton/119,050 pph of limestone). 

v 1 ; ...•••• .'>} the electrostatic precipitator. This emission is 

Timed to be the same as that at the stack, where compliance 
. asurements were to be carried out at the time of the ECAS 
r»;.uoy (Ref. Al) • 

> r -> * Calciner emissions were not specifically covered by New 

Source Performance Standards at the time the ECAS study was 
rairied out (see, for example, Ref. Al). The calciner emis- 
sions, though, were probably expected to be similar to those 
•;>f a Portland cement factory which were covered by a particu- 
late emission limit of 0.30 lb/ton of feed, as listed. A 
bagnouse was therefore included in the ECAS reference plant. 
Its efficiency was not specified, however. 

if.) fxcos s scrubbing capability is included in the ECAS reference 
plant which reduces emissions below the 1.2 lb SC> 2 /10 6 Btu 
hi-at input limit reauired for coals with 3.9 to <.5 percent 
(wt) sul f ur c tent. 

No Sb ? emj*' 5 ' -**-e v-ocucod by a direct coal-fired calciner. 

All +■ nc St * , a- *■ -i - * r»v t nr. coal combus t i o^ it trapped b\» the 
bp* *>rr>duc'* n .ppeon-,) controls are reauired 





ORIGINAL PAGE IS 
OF POOR QUALITY 


NOTES TO TABLE XXXI (Concluded) 


(8) The ECAS report (Ref. Al) state* that NO x i* controlled by 
staged combustion in the boiler. No additional controls were 
included. The value listed is typical of an uncontrolled 
high turbulence coal-fired burner design in about 1975. 

(9) Calciner N0 x emissions are not covered by a New Source Per 
formance Standard, since the calciner fuel combustion tempera- 
ture is low enough to make NO production and emission insig- 
nificant. 

(10) In contrast to the ECAS reference plant (Ref. Al) , on-site 
calcination is not included in the modified reference plant. 

(11) Eased on the same Illinois No. 6 coal characteristics listed 
in Note 1 except for the design total ash content which is 
increased to 12.5 percent (wt) tc conservatively allow for 
utilization of the alternate (ETF) coal which has a greater 
total ash content than the primary (ECAS) coal (see table 111. 

(12) At the entrance to the '-lectrostatic precipitator. Based on 
the coal mean values listed in Note 11 (0.125 )b. ash per lb. 
coal x 0.75 lb. fly ash per lb. total ash x 10 b /.' 1 0,786 Btu 
per lb. coal) . 

(13) 10 percent of the potential emissions (90 percent reduction), 
based on primary coal design sulfur content and heat value 
listed in Note 1. 

(14) NO is controlled in the boiler. Maximum emissions are 

x 

guaranteed by the manufacturer. The value listed is typical 
of an uncontrolled high turbulence eoal- f ireti burner desioi 
in about 1975. 

\15) Additional scrubbing capability is provided to account fo* 
coat composition variations and alternate coa ntilizatior 
in the modified plan: compared to the Ki'AS pi ant 



modified plant fuel. Thus# each of the design parameters of the 
modified plant is calculated (as shown in the notes to table II) 
as the ratio of a mean potential emission quantity plus 1 or 2 
statistical standard deviations based on engineering judgment# 
to the mean fuel heat value. 

Column 4 lists the reduced emissions provided by the emission 
controls applied to the ECAS and modified plants. For compliance, 
these must be less than or equal to the emission limits specified 
in Column 2. As may be seen# this is the case. 

Column 5# broken into two parts, lists the percent reduction# 
corresponding to the ratio of the reduced emission to the potential 
emission, required to minimally comply with the applicable NSPS# 
and the percent reduction provided in the plant design. As is 
indicated, the ECAS plant design provided slightly more than the 
required NSPS percent reduction for particulates, and 4.5 percent 
excess reduction for sulfur dioxide. As discussed in section A5.0, 
nitrogen oxides were controlled to meet emission limits by internal 
boiler design. For comparative purposes, however, a typical value 
for an uncontrolled high turbulence coal-fired burner design in 1975 
is listed. Similarly, the modified plant design provides the re- 
quired 1979 NSPS percent reductions for particulates and sulfur 
dioxide. NO is again controlled by internal boiler design, and 
again for comparative purposes the same uncontrolled N0 x emission 
value is listed. No excess particulate or S0 2 reduction capability 
is provided in the modified plant design, since by definition, the 
modified plant design parameters are conservatively calculated to 
provide the necessary margin to account for expected fuel variations. 
It should be noted also that a significant part of the increase of 
the particulate reduction requirement above that required for the 
ECAS plant arises from the usual utility industry practice built 
into the modified plant to burn primary and alternate coals, as 
discussed in section 3.3 and section Al.O. This is in contrast to 
the ECAS plant which burns only one coal. The primary coal character 
istics correspond to those specified in ECAL study, and the alternate 


coal characteristics correspond to those specified in the Engineer- 
ing Test Facility (ETF) study (Ref. 3) . Since the alternate coal 
design total ash content (12. 5 percent (by wt ) , mean plus 1 std. 
dev.) is considerably greater than that of the primary coal) 10. 5 
percent (by wt) * the greater particulate reduction requirement for 
the modified plant was determined by the capability to utilise the 
alternate coal. 


! 
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Appendix E 


EGAS Reference Plant Detailed Capital 
Cost Estimates as of Mid-1975 

This appendix contains the detailed cost estimates for the 
ECAS reference plant as of mid-1975, developed during the ECAS 
study (Ref. Al) , recast in the format specified for this study. 
Table XXX II presents the 250° F (394° K) stack gas reheat case 
and table XXXIII presents the 175° F (353° K) stack gas reheat 
case. These estimates form the basis for the updated ECAS refer- 
ence plant co3t estimates, as of mid-1978, presented in sections 
7.2 and 7.3. 


*1 

V 
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TABLE XXXII. - ECAS REFERENCE CONVENTIONAL FURNACE COAL-FIRED 
POWER PLANT WITH WET S0 2 SCRUBBER CAPITAL COST 
ESTIMATE DETAILS AS OF MID-1975 
(250° F Stack Gas Reheat Temperature (1)) 

(Mid-1975 Dollars) 


ft* c 

r 

eat 



Material 

C**t* 





Report 

•.oft) . (J} 


Date ri»t Ion/ Same 1 ft cat loo 

Major 

Coopononc 

■alanca 
of Plant 

Installation 

Co«H31 

Indirect 

W— 

Contingency 

Total 

r.o. 


urn m land Bicnt 

« a* •» 



Mot Include* 

In StnOr 



Jll. 


sTiuertniM *i® mmovoen* 

Total Account 311. 

, 

11,341,000 

10,407,500 

9.549,940 

4,399,493 

77,794,153 



w 








311.1 

7.0 

leprov«**flC« t# |lc« 

Total SuMlrltien 311.1 

* 

1,470,000 

3.043,350 

3,740,330 

1,440,494 

t, 444,1*4 

Jil.lt 

7.1 

Slc« 7i«t»atlM ml 
mmcanti 

Sell taatlns, clearing and 
1 robbing, rough grading, floiah 
grading, landscaping 

* 

10,000 

1,033,350 

930,440 

390,943 

3,341,351 

V.l.tl 

7.1 

Sit* Utllltla* 

Scorn and aanltarjr a aware , non* 
procaaa aarrlca watar 

- 

50,000 

54,750 

53,900 

33,130 

193,900 

311.15 

7.5 

toad* and tall road* 

•allread apur, road*, wnlka and 
parking area* 

* 

740,000 

317,350 

305,440 

340,503 

1,411.493 

JU.U 

7.4 

Tati ant Plant Plr* 
Ptocaetion, P«ac*a aaa4 
Cat** 

— 

* 

400,000 

411,000 

550,140 

103,333 

3.111.393 

311.11 

7.5 


Earthwork, pond 11 Blag, off- 
alta pipeline 


10,000 

1,034,000 

931.040 

197,000 

Tt WUt 

RiHt # o iBRRt 



311.1 

- 

Hal* (Turklaa-Ctoaraterl 

Total Subdivision 311.1 

- 

3,433,000 

1.934,000 

1,734.000 

1,310,400 

7,311,400 

3tl.ll 



tacauat lea, aub.tructora, da- 
wn ear lag and piling. Including 
axcavatlon and substructure 
for trananlaaloa plane aultcb- 
yard 







111.31 

5.1 

- 

puilding at roc turn and aarrlca* 

- 

- 

' 

- 

- 

- 

111. 4 


ttaan generator HlUlat 

Total E-Jkdirlaf on 311.4 

- 

3.973,000 

4.737,000 

4,350,000 

3,991,000 

17,044,000 

311.41 

5. 1.5.3 

- 

Excavation, auk structure. do- 
watering and piling 

• 

- 

* 

* 


* 


5.1 

• 

Cacloaora atrwetura and anr- 
rlcaa 


- 

- 

' 

- 



*See page 221 for explanation of footnotes 



TABLE XXXII. - (Continued) 
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TABLE XXXII. - (Continued) 
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Pee page 221 for explanation of footnotes 
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See page 221 for explanation of footnotes 
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TABLE XXXII. - (Continued) 
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♦See page 221 for explanation of footnotes 
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See page 221 for explanation of footnotes 
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See page 221 for explanation of footnotes 
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ecas 

••pert L 

Id*-.-. 

■At*) <J> 1 


5). 

5.1,5.) 


Ac c c»un t/S ub<2 1 vi • 1 on 


Tit 1* 

•• **: Sion PIAH7 
*ruct ort« 1 larrovvsvr.ti 


| Total Account 350. 


<•1, *-i i ***« .. ft ?r< n»fongr« 


pw ;tchyard J 

T'*ci of Ci rert Accounts 310. to 350. 


Total Subdivision 350. 2 
456 KVA. FOA. 65°C, 24/50DAV 


*la*_erxal 

Costs 

Ma jo i 

Ba lance 

Component 

of Plant 

p 

2.020,000 



Inc 


2,020,000 


Inc 

[ 717*557533 

T5i". 700,500 


natal lationf Indirect I Cont l/.gency 


47.0OOJ 42,320 


t. vision 311 3 


>00 47. C00 42,320 

Inc uded in Subdivision 315 3 


A. u Services A Fea 9 16 

or Balance of Plant 
"aterfalt, installation 6 
Indirect Costs (9) 


2,5)1,184 

341,953,780 
- 41,354,*67 


Flint Capital Cost 


Escalation A Interest 

During Construction ^ 54.8 
percent (5.5 yr.Constr. per 
6.5 percent escalation ratea 
10 p-rcent interest rate) (10) 

Total Plant Capital Cost In Jac. 1981 Dollars 


Total Plant Capital Cost in old-1975 Dollars f 11) 


403, 306,44'* 
221,013,029 


624.311.476 

441.555,635 


*See pages 221 and 222 for explanation of footnotes 





NOTES TO TABLE XXXII 

(1) Based on ECAS report, tables 15 and 16 (Ref. Al). 

(2) Identification numbers consisting of letters and numerals refer 
to table 15 of the ECAS report, reproduced in Appendix C pages 
178 to 180, for reference. Identification numbers consisting of 
numerals only refer to table 1C of the ECAS report, reproduced 
in Appendix C pages 181 to 187, for reference. References to 
other ECAS report tables are as indicated. 

(3) Based on $11.75 per direct field labor manhour, as employed in the 
ECAS report (Ref. Al , page 33). 

(4) Based on $10.58 per direct field labor manhour (about 90 percent 
of the installation cost) as employed in the ECAS report (Ref. Al , 
page 33) . 

(5) Based on the 20 percent contingency rate included in the ECAS report 
(Ref. Al , page 44) . 

(6) The costs of the buildings, structures and excavations listed in 
Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are calculated 
using the estinated percentages of the sum of the costs of Items 
5.1, 5.2 and 5.3 of Ref. Al , table 16, listed in Appendix C, page 
199, table XXX. See also page 181, table XXVII, 

(7) The separate balance-of-plant materials costs for the feedwater 

booster (2) and main feedwater (3) pumps are estimated from the 
combined balance-of-plant materials cost of these five pumps 
($3,220,000), listed in Ref. Al , table 16, as follows: The com- 

bined equipment cost of the pumps $3,070,000 ((2) x ($125,000) 

+ (3) ($940,000) ) is subtracted from the combined balance-of-plant 
materials cost and the remainder ($150,000) divided by the total 
horsepower of the five pumps (45,500 hp) resulting in $3.30/hp. 

This cost per horsepower is then multiplied by the horsepower of 
the two feedwater booster pumps, for example, to give $25,410 
(7700 hp x $3.30/hp) and the equipment cost of the two pumps, 
$250,000, added to the product to give $275,410. This figure is 
then rounded to $275,500. Similarly, the cost of the main feedwater 


221 


NOTES TO T.'llLE XXXII (Concluded) 


pumps is estimated as $2,944,740 (i.e., ($3.30/hp) (38,700/hp) 

+ 3 ($940,000) ) , which is rounded to $2,944,500. The 10 MH com- 
bined direct labor manhours, also listed in Ref. Al , table 16, 
used for calculating the installation and indirect cost, is 
broken down accord inq to the fraction of the total horsepower 
represented by the pumps. The feedwater booster pumps are thus 
allocated 2 MH ((7700 hp/45,500 hp) x 10, rounded to 2), and the 
main feedwater pumps 8 MH ((37,800 hp/45,500 hp) x 10, rounded to 8). 

(8) The separate balance-of -plant materials costs for the stack gas 

reheat system forced draft fans and reheat air heaters are esti- 
mated from the combined $3,090,000 ba lance-of-plant materials cost 
listed in Ref. Al , table 16, as follows: The combined equipment 

cost of the fans and heaters, $2, 880, 0^0 (6x$200,000 + 6x$280,000), 
is subtracted from the combined balance-of -plant materials cost. 

The remainder, $210,600, is divided equally between the fans and 
heaters, and one $105,000 part is added to the equipment cost of 
the fans, the other to the equipment cost of the heaters, to give 
$1,305,000 and $1,785,000 for the respective balance-of -plant 
materials costs of each. The direct labor manhours are estimated 
to be 50 percent of the 27 MH listed, rounded to 13 MH , for the 
forced draft fans, and 50 percent of the 27 MH , rounded to 14 MH , 
for the reheat air heaters. 

(9) Includes the 20 percent contingency in Note 5 applied to the 15 
percent A/E services and fee rate employed in the ECAS report 
(Ref. Al , page 44) to account for the change in the order of 
applying the contingency and A/E Service and Fee rates in this 
study compared to the ECAS study. 

(10) Based on the guidelines specified by NASA for the ECAS study (Ref. A6 

(11) The sum of the riant Capital Cost and Escalation and Interest During 
Construction divided by (1.065)'*''’ to adjust the Total Plant Capital 
Cost in Jan. 1981 at the completion of the 5.5 year construction 
period to mid-1975 dollars. 
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TABLE XXXIII. - EGAS REFERENCE CONVENTIONAL FURNACE COAL-FIRED 
POWER PLANT WITH WET S0 2 SCRUBEER CAPITAL COST 
ESTIMATE DETAILS AS OF MID-1975 
(175° F Stack Gas Reheat Temperature (1)) 

(Mid-1975 Dollars; 


Material Coat* 


Sa te r tptlo n/ S^ acl flc a r ! oo 


Major 

Co-rpe' ant 


LA-‘0 AT) LAD i SOFTS 


"TP'.-CTVP ES AID ry??CT/QgMTS I Total Account 311. 
(*> 


f • ! anci Ina'aUatloo ladlr.rt 

of PI a nt Coat M) Coat («) 

Mot Include' in Stu-fy 

11 , 341,000 10 , * 07, 500 9 . 549.900 


Con t Infancy 


17. *9.1S2 


Iaprwwtnti to Slta 

Sica Preparation and 

Irpr ovettnr • 


Slta Otllltlas 


Road* and Railroads 


Yard ar.d Plant Plra 
Protection, fcncat and 
Catat 


Total Subdivision 311.1 

Soil Coating, clearing and 
grubbing, rough grading, flnlah 
grading, landscaping 

Stors ar.d sanitary severs, non - 
proetta service watar 

Railroad apur, roada, valks and 
parking areas 


i,4?0,000 3,043,250 2,740,220 1. 440.494 i, 444,144 

10,000 1,022,250 I 920,460 390.547 2,343.252 


50,000 58,750 52,900 


32,330 19 ) . 9tf 3 


740,000 317,250 285,660 248,562 1,611,497 


600,000 611,000 550,160 352,232 2,111.392 


Water Treat sent Fonda 


>91" Carbine -G e na rat or) 

Build ing 


Stem Generator Building 


Earthwork, pond lining, off- 
• 1 te pipeline 

Total Subdivision 311.3 


Excavation, aubtc ructura, de- 
watering and piling, including 
excavation and aubatructurt 
for trantal salon plant awltch- 
yard 

Building atnicture and aervlcaa 

Total Subdivision 111 4 

Excavation, subatructurc, de- 
watering and piling 

Encloaura structure and aer- 


20,000 1,034,000 931,040 397,006 2,382,046 


2,433,000 1,926,000 1,734,000 1,218,600 7,311,400 


5,972,000 4,727,000 4,256,000 2,991.000 | 17,946.000 


See page 237 for explanation of footnotes 



TABLE XXXIII. - (Continued) 


EC AS 
••port 
Ident . 

No(s).(2) 


Account/Subdlvltion 


* Ka lnttnmct, Service 

Warehouse end Office 
Building (Service 
Building) 

5. 1.5. 3 
3.2 

Z . ' , 5 . 3 Other Buildings 

3.7 Cranes and Holsts 


5. 1,5.2 Qo-alte Waste Treatment 
(Including Water Treat- 
cent) But Id Ire 


Oe script lon/Spec. t flea c lou 


Total Subdivision 311.6 


Excavation, aubatroctura, 
dewatering and piling 

Building Structure and 
services 

Total Subdivision 311.7 
Excavatloo and structure for 
naVteup water lotaVa 

Total Subdivision 311.8 
Crane and accessorlaa In 
turbine hall 

Total Subdivision 311.9 

Excavation, substructure 
building structure and services; 
lime, alun, Ion exchange 
resin, acid, caustic and 
chlorine storage tanks; reagent 
•eterlng and feeding puspe; 
■ixers; clarifiers 


Material 

Co.tr 

Major 

Component 

Ba lanes I 

of Flant 

- 

830,000 

- 

- 

- 

- 

- 

m.ooo 

- 

410,000 


55,000 


Cost (3) 


Indirect Contingency 

Coat (4) Allowance (5 


591,000 


158,000 


110,800 


•See page 237 for explanation of footnotes 
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for explanation of footnotes 
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Accour.* /Subdi vi si on 


I Sl<^ tn<* Ash Band I i nq 


Ply ash storage silos 
(2 rtqd.) 


h»*. Tt»l COStS 

| Major balance 


| Da script lon/Spe i?. stion | Casponsni 

|Total Account 312.2 


Bottom ash system, 
fly ssh Handling sys tea for 
precipitators and air pre- 
h*«*#r, ash conveyors, 
railcar loading equipment, 
ash hoppers, sluice purps 
ar. ! drives, piping, clinker 
grinder, pressure blowers, 
valves a/.d piping, and the 
following storage silos and 
associated equipr-nt; 

Feeders, ur. loaders and 
foundations , alios: total 
volume 831,164 cu. ft., 

6S ft. high, 80 ft. dla. 


retaliation I fndi 
Coat ( 1) I Cost 


irect Contingency 

t (4) Allowance {£ j 


969.426 5.930,556 


I Limestone Hand! log 


Total Subdivision 312.3 

Magnetic cleaners, 
reclaiming feeders, belt 
scale, and the following 
conveyors to lire stone 
plls and calcineri 


1.250,000 


258.500 232.780 348,252 2,089,512 


Limestone Conveyor belt 80 In. wide, 500 ft. long, 

3000 tph 

Limestone Conveyor belt 24 In. wide, 830 ft. long. 


Limestone Conveyor belt 24 In. wide, 830 ft. long, 
I 55 tph 

Limestone Conveyor belt 24 In. wide, 420 ft. long, 

85 tph 

Limestone bucket Conveyor 124 in. wide, 120 ft. long, 

100 tph 


Steam Generator Equipment Total Subdivision 312.4 


( Steam Generator 


Heat transfer 

surface and pressure parts; 
buck st ays, braces and 
hangers; fuel-burning 
equipment, accessories, 
soot and ash eguipemntj 
control systesis, brick- 
work, refractory and 
insulation; sqfport. steel 
t ml sc . materials; primary 
air fans 6 feedwater piping 


39.730.000 13.300.000 14,758.000 11.280,480 16.215,298 97,291.776 

39.730.000 8,800,000 9.870,000 8,887,200 13,057,440 78,344,840 


♦See page 237 for explanation of footnotes 
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TABLE XXXIII. - (Continued 


Inst r\is»ntat Ion and 

Controls 


Auxiliaries 


Forced draft fane (2 reqd. 

f $ 190,000 sa.l 


Oescr lpt lon/lpecl fi cat ion 


Integrated 

boiler controls, boiler/ 
turbine coordinating 
controls , main etch, 
systea control boards, 
sampling systea lnclud. 
anal) ter a and sampling 
panel, stack emissions 
nor. 1 tor mg systea and 
data acquisition syst**a 

Air pre.^eater* 
flues and ducts to pre- 
clpltatorsi insulation 
for flues and ductai 
pulverisers, feeders 
and hoppers* and the 
following far.*: 
Operating: §71,000 cfa • 


Pr Inary air fana(2reqd.) 


Major balance 

Component of Plant 


Installation I Indirect 
Coat ()) I Coet (4) 


2 . 117 , 0 . 


«.e. .aoo 

2.571.251 

1,480,000 

2,114.750 

- 

- 

1 

ttncl >3*<3 

in Subdlvl.l 


1,942.054 I 11.452. 24 


1,215. §02 I 7, 294. §12 


Induced draft fans 
(4 reqd. t 
$220,000 ea.) 















Instal lation I Indirect [Contin^r-cy 
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See page 237 for explanation of footnotes 
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XXXIII 


(Continued ) 



See pages 237 and 238 for explanation of footnotes 
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TABLE XXXIII. - (Continued) 


tens ] 

teport I 

T 4an» 


Xdent ' 
*ji«) . t2» 


kSSJ 


^5 Ubd 1 v«, s i 9 ft. _ 


Descr ion/^p# 


•Uttrial Cotta 

IQ^sr purinn ' Installation 

ciflca’ion Component ! of Flant Cost ()) 


• - Flus Cos Pesel fur lsatlon 

5r»^s 

- f^D tquapeent 

Ml, We * 1 1 m SOj trn^bert 

F-12 (torbilt cor.* set 

ahtor. *• ;*> re^. • 

{ 11.090,000 ea) 


"1 TotM 


Subdivision 112.9 


Total Subdivision 112. 91 
SOj 

• rrobVr veiitlf with pre- 
nt iiatcr t. < List 

• llrJruitor sy«ten». 60ft. 

hi yh x 40 ft vide «l9ft. 
Ion), 1HL stainless 
steel, rvttprtrw lined, ) 
sta?em, 450,000 a<rf» f 
212° > ee<h 


ii.erj.oxl 


Indirect 
Cost '4) 


1,010.500 


Scrvjbtei ductwork 


Flue qas duct 
outbos rd of electro- 
static precipitators, 
duct lining, duct 
Insulation, daepers 6 
expansion Joints 


Scrubber ays tea fnanp* 


Scrubber systen tanks 


Slurry recycle 
(19 • $49,000 sa . ) i 
mist ellelr.jtor wash 
() # $25,000 call 
slurry storage and 
transfer (4 • $4.000ea.|i 
slurry feed (1 t $5,000 
•a.)| pond feed tank (3 
• $10,000 ea.);j> ond feed 
booster (2 f $15,000 ea.)» 
pond water recycle and 
booster (4 0 $12,500 ea.) 

Yank s and 

agitators for absorber 
affluent hoi a, pond feed, 
•ntralnaent separator 
sur 9 «, slurry surqe, 
slurry storage and 
slurry transfer 


2,190 ,000 





TABLE XXXIII. - (Continued) 



•See page 237 for explanation of footnotes 
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TABLE XXXIII 


[ 


roc 

ECAS 

R*Fort 

Accoun t /Subd 1 v i s Ion 

Account 

Uu=±#r 

Ident . 
*o(») ( 2 ) 

Title 

Description/Specif lea t ion 

314 

- 

STEAM TURBINE - 
GENERATOR A.*iD 
AUXILIARIES 

Total Account 314. 

314 1 

2.0, 

Tic . , 5 

Stean Turbine end 
Auxl 1 larles 

Total Subdivision 314.1 

860 KW # guaranteed generator 
output| tandem corpound 4 flow 
turbine with 33. 5 in. last etege 
bu.kets 2 . 3" Hg abx s 3500 
pslg/ 1000 ° F th.ottle eteam, 
1000° F/675 psig reheat 
steam; 3.5 percent continuous 
extraction for stack gas re- 
heat exciter , 992 MVA generator 
f 75 psig hydiogen pressure* 
0.9 pf. Hydrogen, lube oil 
and seal oil systems, stop- 
throttle valves, cross-over 
piping, msulutioiT motors 
for iuxi 1 lar ie*i 

314.2 

3.4. 

P-1 

Condenser 4 Auxiliaries 

Total Subdivision 314.2 

Shells, tubes, air ejectors 
at 2 . 3 in . Hg (aba . ) , 

3.97 x 10 * sq.ft, of heat 
transfer area, 4.67x10* pph 

314.3 

- 

Circulating Hater System 

Total Subdivision 314.3 

314.31 

- 

Pumps. Valves. Piping 
and Structure 

Total Subdivision 413.31 


3.2. 

Circulating water pumps 

95,000 gp*. 2500 hp, 75 ft. 


P-7 

and motors (3 P $235,000) 

TDH each 


S.4 

Circulating water 
valves, piping 6 
structure 

“ 


See page 237 for explanation of 
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See page 237 for explanation of footnotes 
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TABLE XXXIII 


(Concluded ) 



See pages 237 and 238 for explanation of footnotes 



NOTES TO TABLE XXXIII 


(1) Based on ECAS report tables 27 and 28 (Ref. Al). 

(2) Identification numbers consisting of letters and numerals refer 
to table 27 of the ECAS report, reproduced in Appendix C pages 
188 to 191, for reference. Identification numbers consisting of 
numerals only refer to table 28 of the ECAS report, reproduced in 
Appendix C pages 192 to 198, for reference. References to other 
ECAS report tables are as indicated. 

(3) Based on $11.75 per direct field labor manhour, as employed in the 
ECAS report (Ref. Al , page 33). 

(4) Based on $10.58 per direct field labor manhour (about 90 percent of 
the installation cost) as employed in the ECAS report (Ref. Al , 
page 33) . 

(5) Based on the 20 percent contingency rate included in the ECAS report 
(Ref. Al , page 44) . 

(6) The costs of the buildings, structures and excavations listed in 
Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are calculated 
using the estimated percentages of the sum of the costs of Items 
5.1, 5.2 and 5.3 of Ref. Al , table 28, listed in Appendix C, page 
199 , table XXX. Note that the same table applies to both the 250° 
and 175° F (394° and 353° K) reheat cases. 

(7) The separate ba lance-of -plant materials costs for the feedwater 

booster (2) and main feedwater (3) pumps are estimated from the 
combined ba lance-of-plant materials cost of these five pumps 
($3,220,000), listed in Ref. Al , table 28, as follows: The com- 

bined equipment cost of the pumps $3,070,000 ( ( 2 ) ( $1 25 , 000 ) + (3) 
($940,000)) is subtracted from the combined ba lance-of -plant mater- 
ials cost and the remainder ($150,000) divided by the total horse- 
power of the five pumps (45,500 hp) resulting in $3.30/hp. This 
cost per horsepower is then multiplied by the horsepower of the 
two feedwater booster pumps, for example, to give $25,410 (7700 hp 

x $3.30/hp) and the equipment cost of the two pumps, $250,000, added 
to the product to give $275,410. This figure is then rounded to 
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NOTES TO TABLE XXXIII (Concluded) 


$275,500. Similarly, the cost of the main feedwater pumps is 
estimated as $2,944,740 (i.e., ( $3 . 30/hp) ( 38 , 700 hp) + 3 ( $940 , 000 ) ) , 

which is rounded to $2,944,500. 

The 10 MH combined direct labor manhours , also listed in Ref. Al , 
table 28, used for calculating the installation and indirect costs, 
is broken down according to the fraction of the total horsepower 
represented by the pumps. The feedwater booster pumps are thus 
allocated 2 MH ((7700 hp/45,500 hp) x 10, rounded to 2) and the 
main feedwater pumps 8MH ((37,800 hp/45,500 hp) x 10, rounded to 8). 

(8) The separate balance-of-plant materials costs for the stack gas 
reheat system forced draft fans and reheat air heaters are estimated 
from the combined $900,000 balance-of-plant materials cost listed 

in Ref. Al , table 28, as follows: The combined equipment cost of 

the fans and heaters, $810,000 (6x$85,000 + 6x$50,000), is subtracted 
from the combined balance-of-plant materials cost. The remainder, 
$90,000 is divided equally between the fans and heaters, and one 
$45,000 part is added to the equipment cost of the fans and the 
other to the equipment cost of the heaters to give $555,000 and 
$345,000 for the respective balance-of-plant materials costs of 
each. The direct labor manhours are estimated to be 50 percent of 
the 7 MH listed, rounded to 3 MH , for the forced draft fans, and 
50 percent of the 27 MH , rounded to 4 MH, for the reheat air heaters. 

(9) Includes the 20 percent contingency in Note 5 < ~>r>lied to the 15 per- 
cent A/E services and fee rate employed in the ECAS report (Ref. Al , 
page 44) to account for the change in the order of applying the 
contingency and A/E services and fee rates in this study compared 

to the ECAS study. 

(10) Based on the guidelines specified by NASA for the ECAS study (Ref. A6, 

(11) The sum of the Plant Capital Cost and Escalation and Interest During 

5 t 

Construction divided by (1.065) ’ " to adjust the Total Plant Capital 
Cost in Jan. 1981 at the completion of the 5.5 year construction 
period to mid-1975 dollars. 
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